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0.0  Cone]  11  si  on:;  ni  id  Rcc  oinnuMulat  i ()iis 

r.(  ',a1ic:il  aonc.''  sir’ 

1)  'j'lnljulfut  lunindr  -y-lnyc-’-  (TDl,)  noiiic;  Lo  cloininaU;  Lhe- 

noise  measured  i^y  flush  elc'iueiiLs  of  5"in.  diameter  in  the. 

forward  ai'ray  (IlF)  throu[;h  ;u>hst£int  ial  ly  all  the  frequency 

ran^e  0.2  to  10  Kllz  at  speeds  15  to  30  kl  . The  same  appears 

generally  true’  of  the  further  aft  array  (J.F)  at  speeds  20 

to  30  kt » As  an  indication  of  t!ie  absolute  noise;  levels,  at 

2 

20  kt  on  HF-3  at  2.5  KHx.  it  is  “20  clb  re  (1  phar)  /]]/.. 

2)  Wlu:re  TBi.  nurse  on  these  large  flush  elements  is  thought  pre'- 
dominant : 


a)  At  fixes!  di.stance’  aft  the  scaling  of  the  noise  spectrum 

P(ai/2.Ti)  is  fairly  well  represe;ntcd  by'' 

P(m/2n)  .. 

With  distance’  aft  fixeel,  however,  the  appearance  of 
in  this  form  is  arliitrary. 

b)  At  differing  distances  aft  (hut  at  fixed  the  scaling 

is  fairly  well  rcqirescnted , especially  i n an  intermediate 
range  of  frequc’ncy,  by 

P(m/2n)  : 

P(a:/2ii),  hov/evc’r,  varies  roughly  as  m ^ in  this  range; 
hence  this  form,  so  far  as  6.^  is  concerned,  merely 
re’fl.eicts  apprejxiniate’  i ndepende’nee'  of  6.,.,  and  t'lei'efore 
its  use-  in  tlie’  scaling  i ,s  not  uniejudy  justifieel. 


c)  Re’lative  to  the’  meeisured  ne)ise’  on  small  C’le;ments  (radius 
r^)  , in  re)ughly  tlu’  lower  tlii  rd  of  tlie  log  frequency  range’ 
0.2  t e>  10  lOIx,  witere’  tlic’  small  eleme  nts  in  quest  iem  are 
neit  se’i'iously  affe’cte’d  by  are’a  avc’raging,  the'  noise 
spe’e-ti'a  on  tlie’  1 ai:ge  eleme'nts  diverge  fremi  lliose  on  the 
small  acce>reling,  renig.hly  to  a re’duction  f.'ictor  due  to 
are’a  averag.ing  given  by  (mH^yO . 011^7  , wlie’re'  is  tlie 


'‘Ik’re’  II  eh’mke  s 

CO 

thiciiu’ss  at  t he 


s!)ip  spe’e’d  anel  6.,,.  boundary- 1 aye’ r 
e’l  ement  . 


di  spl ace’ment. 


1 


Inr^'c  iIcnu'Mt  r.-nlius,  v.’i'ii  s ; 1 ’i  y Inrgi-..  tli..,. 

At  ‘uniii’w'n.i I hi.glu'i  fr'.  ^ucmk  \ , hov.’i-’.vei  ^ jiisL:u(l  of  bc‘" 
coini  ng  pnrnlJc’l,  wi  i h n fixod  clb  soparnLioii 
lOs  lopXb^yi' ,)  > Kpc‘cLi'a  for  1 nv^t;  and  Sinall  ole- 

iiK-nt  soiiicv.'lnil  convorp,c'  toward  ono  another.  NeverLhe- 
less,  the  spec-tra  for  tlic:  1 ar/p  clc'iiienLs  in  tbir.  re^pion 
contimu-  to  .scale;  v;ith  .speed  as  may  be-  expected  v/here 
TBl.  Mo5.se  iiredominntcs  , 

3)  Regarding,  the  C elements  at  the  sea  clu'st  2 location,  the 
elemcMit  flnsli'-mounted  in  the  fiberglass  v/indow,  and  e.spe- 
cially  the  element  recessed  in  a flooded  cavity  behind, 
display  large  speed- dependent  humps  in  their  noise  spectra 
in  a broad  high-frcviuency  range.  These  humps  are  tenta- 
tively attrilnited  to  effects  of  bubbles  at  this  location. 

Recession  of  elements  in  the  watcu'- filled  cavity  may  have 
reduced  fJov;  noise  more;  than  it  reducc'd  sensitivity  to  a 
signal  . 

5)  Recession  of  elements  (D)  behind  rubber  layers  of  varying 
thicl'.ness  may  have  modercitely  reduced  flow  noise.  The 
ext.emt  of  reduction  did  not  depend  systematically  on  layer 
thicknc!ss  from  59/6''t  in.  to  5-1/32  in. 

6)  The  noise-  spe-ctra  of  tlie  layer-shielded  ele-ments  above. 

1.5  KHx  varle-d  v.u'elely  and  e-rratically  fremi  ele-mnnt  to  ele- 
ment. This  e-ffect  may  have-  been  due  to  splasli  or  bul.)ble 
noi se . 

7)  The  measure-el  in-situ  cal  ibreitie'ii  curves  for  the  winde-tv.'- 
mount  cel  and  1 aye  r-ce)vere-d  e-le-me-nts  in  many  cas.es  va)-ie-el  in 
an  unc-xplai ne-d  f.ashion  with  time,  freejue’ncyj,  and  c-le-ment 
ielenti  ty . 

On  the-  l)asis  of  the-  pre-se-nl  re-port;  v-;(!  offe-i"  the'  feillowing 
re-cemmie-ndat  i ems  re-garding  further  processing  and  analy.-ris 
of  the  PURVIS  11  data. 


el)  c.'HT  I i.A  ly  lIu.  i ’.Ji.I  c<)L'-'.i  paLhs  if  uaLiJ.aJ  rnibbi ' f. 

a.s  tbcy  cK'P'ikI  on  f.pof'c’  and  maneuver  and  try  to  relate 
to  tbe  measured  nois('  spectra  for  tlie  G elements. 

b)  Process  and  analyze  specLia  for  otlier  G elements,  in- 
cludinp,  G9  or  GlO. 

t 

c)  InvesLip.ate  the  variability  of  noise  spectra  for  1)  and 
G elements  and  tlie  dependence  on  turns  and  lie.aelings^ 
and  listen  to  audio  noise  reproductions  to  the  end  of 
itientlfyin^  possilile  noise  sources. 

d)  Furtlier  reduce  and  analyze  in-situ  calibrations. 

c)  V%'i  til  reference  to  the  IIP  and  bF  spectra,  investigate! 
other  proposed  'J’lil-  noise  scaling  lavas. 

f)  Analyze  spectra  for  more  IIF  and  LF  elements  at  various 
speeds  and  give  pai'ticular  considorat ion  to  the  tendency 
of  spectra  to  levc'l  off  in  tlie  middle  frequency  range. 


. Analyis  pivl  .1  n i Lai  i on  of  Noise  Data 

. J jJusi,  D'-'l  J -Moiin  I ed  Klc”  ulo 

Till'  )iydro|'!ioii< 'S  oT  tliis  caLc;'(>i'y  <n'o  c oiiij);' i .':od  l>y  the  ^ 
p.roups  tk's  i j’,i  lat  t'cl  IIF,  1,1',  and  11.  Fliisli  clciiK'nls  (f9  and  CllO  ^ 
avo  c'onsi  dt'rod  \;illi  the  other  G elements  in  fleet  ion  3.2. 

\ 

3.1.1  AuLospeetra  , \ 

IIF  Fl  emcnl  s 

Noise  speetra  measured  for  sevc-ral  111’  elements 
are  shov.m  in  F'igs.  3. 1.1-1  to  3. 1.1-8. 

One  objective  of  the  analysis  of  t.lie  noise  tiieasure- 
iiients  is  to  infer  th('  charaeter  of  thc'  noise.'  on  an  elc;,'en'  as 
a function  of  tlio  pertinent  varial^lcs.  'I'he  tyiu-.s  of  noisc' 
contributing  may  be  broadly  classified  as  produced  by  an 
acoustic  field  or  direct.ly  by  jiressure  f 1 uctaiat  i 0)is  associated 
with  the  lurljulent  boundary  layer  ('ITd,)  . Tlu'  formc-r,  bov.’C'ver, 
may  inelude  a component  due  to  exeitaticni  of  non-rigid 
boundaries  by  the  turbulc-nt  flow;  the  locally  generated  pai'L  of 
this  comi)onenl  may  not.  be.  additive  but  correlated  v.’itli  I lie 
direct  i’Bb  cont;r  i bution . WItIIc  the  acoustic  noi:'.e  c.’ill  depend 
on  the  specific  sbii)  and  element  con f igurati on , the  direct  THL 
noise  spectra  at  a given  siiec'd,  distance  aft,  and  elc-nient  siac- 
will  be  subs,  tanl  i al  1 y universal. 

Referring  first  to  the  lli'  elements,  we  see  from  the 

figures  lliat  al  speeds  15  kl;  to  30  kt , t he  noise-  spectra 

typically  increase  v.'it.b  speed  nearly  as  1I,^„  . At  these  sjKeds, 

— 9 7 

the  fi'equc-ncy  dejiendence , on  tlie  average,  is  roughly  as  G*>  " ' 

t o ■ . Hc-lov/  15  kt,  though  the  freciucncy  dependence  is  not 

much  diflc-rent  , the-  speed  dependence  wealums.  These  fc-atures 
accord  with  Lvnlnlivc  exjH'Ctat  i o/7  if  TBh  flov;  noi.se  is  t lie 
dominant  noise  source  at  15  to  30  kt. 

The  extent  of  v.-iri  abi  1 i t y of  nic-asured  noise  spectra 
from  one  IIF  elc-ment  to  anotlu-r  is  rather  small.  A typical  com- 
jiariscm  if;  tli.il  bet  v;een  llF-5  md  llF-12  in  Figs.  3. 1.1-3  and  A. 


J 1 1 V . 


(S  iin  t>  1 < a:' ' s arc  'p.ir ’'.cJ  1)^  ]J.5  in.  r-i 

cl  f'  ijia  I.  i on  indic'.'lc'  a>'  ■' ..ci  cu'i.a^'d  'lO'sc  fca  t lie  c'  ' ...f 
uca-ci'  (]io  water  surracc,  if  at  I r i l)u!  C'cl  to  tliir.  causo  rallKO’ 
than  to  mere  statistical  deviation,  l;y  aljout  3 db  at.  ?0  kt.)  At 
Uk'  bi^t’ner  siH'cds,  tlic>  r.inal  1 variation  aiiion[;,  eiemcnts  rei.nfoi:ees 
the  iiresumpt  i on  lliat  t ix-  dominant  noise  is  that  due  dirextiy  to 
TbI.  prc'ssurt'  f i ix’t  iiat  i on.s  , 

Aceoixli n<’,  to  tlie  "outer"  sexaiinj'  law  for  the  Tld, 
pressure  spectrum,  v.diicli  corj'espoixls  to  tlie  usual  type  of 
d i mens i on] css  jilc't  of  measiired  s]>cetra,  the  THh  noise  sjX'Ctruiii 
has  the  functional  form 

(3-1)  P(e>/2rr)  : i IK.-'r  {oj6  , 

v;here  is  a function  of  the  dimensionless  arp’.uniont: 

,/)jt  / U oa  5 P ^ f^^tid  density,  11^^  the,  asymptoti c 

f]ov7  speed,  and  6^,,  di  splacemcmt  thickness.  Hence,  if  tills 
form  is  valid,  in  the  alasence  of  otlier  appreciahle  noise  sources 
the  inea.suj'cd  spC'Ctra  for  different:  spcxvls  v;i  1 1 coalesce  cm 
j)lots  of 


(3-2)  10  lop,  J vs.  10  lop  .O  ^ . 


Kvc‘11  if  I lie  feurm  (3-1)  is  valid  for  t )je  TBh  noise  on  a jmint 
element,  hov/ever,  it  will  be-  valid  for  a larpe  element,  i.e. 
cme  where  e 1 , only  at  fixed  6' _ , since  'bj  in  this 
rc'pime  dciX'ixls  on  R /6  , as  well  as  on  . 'j’he  dependence 

of  o on  U is  sufficicmtly  v7oal:  (sec‘  App.  1)  that  at 
fixed  distance  aft  (and  fixed  a texst  of  tlie  outer  scaling 

lav;  (3-1)  is  meaningful  also  for  larp.e  elcmients. 

'i'lie  coujiled  S))ced  and  frccjuoiicy  dc‘))endc'nee  of 
mc’asurcd  noise  spectra  for  the  IIF  elc'ments  is  tested  exiilicitly 
ag, aiuft  the  .scaling,  1/iw  (3-1)  in  1' i gs . 3. 1.1-7  and  8.  Tlu' 
riie.usurc'd  data  agi  ee  fairly  well  with  the  suppositions  th.il  in 
the-  :;peed  rang,e  13  to  30  l.t  the  principal  contribution  to 
noise  s[X’ct  on  the  HP  ede-ments  i due  to  the  TJ’l.  and  that  thi.s 


i'. 

p\i 


f*,  i:  t 


conti'il'i''  'dll,  at  fix'’!  ^ • sati‘;ricr.  I hc'  sc.alin!'  J 

i'  ]d,'i‘:i  ■'■  n d'-.  •_  I nsivc  iiijdU  of  . 

Afforuin:;  id  llicso  .'-■uiiiuirii  t i vinii , aL  llio  lowor  speeds  b <'ind  ]() 
lit,  on  the  dllu'r  hand , llic‘  Tli].  noise  oonL  r i Init  ion  is  siiiall 
ri'lative  lo  oilier  noi.sc',  beiii”  lower  Ilian  llie  total  noise  in 
the  ease  of  elcnnent  lll'-3,  for  example-,  by  about'  3 to  lA  clb, 
dependinf’,  on  frc'cjiieney , at'  10  kL  and  liy  about  18  to  23  db 
at  3 kt  . 


Alt<*rnativc  possible  sealing'  lav;s  for  TllL  j>rf'ssnre 
that  differ  from  (3-1)  ean  be  propcis.c-d  (e.g.  see  Rc-f.  3). 
Applied  to  the  instemee  of  a lai'ge  element,  these-  v;onld  yield 
speed  dc-pcndencc-s  that  differ  only  niodc-ratc-l  y from  that  givc-n 
bj'  (3-1).  Hence,  vdiile  our  conclusion  rt-g<arding  the  relative 
magnitude  of  the  TBL  noi.se  contribution  is  not  subvert  c-d,  \-7C 
must  luaintaiii  can  opc-n  fiiind  as  to  whetlu-i'  (3-1)  correctly 
represents  the-  TBb  scaling.  Further  pertinent  comiiarisons 
will  bo  made  belov.’. 

Regarding  the  dejicndence  of  noise  spectra  of  IIF 
c-lements  on  heading  and  turning  conditions.  Fig,.  3. 1.1-5 
shovjs  results  for  llF-3  at  20  kt  for  lieadings  0°,  90°,  and  270°. 
The  result  at  180°  is  nc-arly  idc-ntical  with  that  at  0°  and  is 
thc-rc-fore  omillc-d.  At  this  speed  tlie  noise  is  evidently  nearly 
i ndei)ond(>nt  of  heading  except  for  local  peaks  in  the  high- 
frequency  ?'eing,e  in  the-  instance  of  90°  heading.  Fig,.  3. 1.1-6 
slvjws  results  alse)  for  llF-3  at  20  kt  at  heading  0°  and  during, 
a full  right  rudder  tuni.  'fhe  level  in  the  tvirii  is  about  1 lo 
3 db  above  t lie  other.  In  a full  left  rudder  turn  the  result 
for  this  ele-ment  is  nearly  identical  v.'i  th  that  for  full  right 
rudde-r . 


Id-'_  Fl  e-men  ts  and  C qi  iipa  r i s on  w i lb  1 1 F _F,  l_ij  i^i  ij^ 


Me-.'i;;ure-d  spectra  for  variou;;  Id'  elements  are  shov.'n 
i n Fi  g,s  . 3.  1 . 1 - 9 to  13. 


'J'lie-  varieition  of  new' se  le-vel  .-imong.  Id'  ele-ment  s is 
perba])S  somewlinl  {pa  ate-r  Ilian  among  HI'  e-le-ments.  Measured  noise- 
spi-e-t  ra  foi*  bF-6,  for  the-  most  part,  lie?  be-lov;  tho'-.e-  for  tlu- 


I' 


1 ■ - 5 , 

t ; '!  ? 


ol  1 I'  I 


prii^M  !.)•  1 i'i.n.‘iil  .s  . 

i' ' '’,,s . . i . 1 “ 0 iiir’  10  ol.i  '’•.i;  ill  .I'lir'.’  : ;i  j(  I'.i  fci'  ’.I  fj 

niul  l,F-7  first  rise  e,  j>juee  i ;i1  / 1 y al'>-vo  I lie  /C''-u- speef'  level  ai  1 li 
kl  . (Imieid,  the  measured  S))c-c'lra  at.  10  lU  in  Hit'  hi  p.Ii- f »'( 
r('p,ion  unaeeoui  it  ah  I y lie  helow  those  at  0 kl.)  Nevert  liel  t ss  , no 
.•ipjirc  (■  i ah]  e inri'ease  in  noise  spc'eti'a  is  iiic>a.sured  between  15 
and  ?0  I;t  . At  73  kt  and  especieilly  30  i;L  tlie  mea.sured  inerf-- 
iiienLs  in  noise,  hov/ever , 'are  l.'irp,e. 

Noi.se  .spectra  for  LF-6  and  Jd'-7  arc-  cc)i!ipari‘d  v/itli  tliose 
for  a.  ty|iical  111'  element,  lIl'-3,  in  ]'ip,s.  3.1.1-Ki  to  16.  At: 
xerc'  spe-ed  tlie  It'vels  for  the  LF's  are  hi^'Jier  than  that  for 
the  IIF,  which  has  a more  sc'cluded,  forward  ])Osili(in,  hy  about 
18  dh.  At  70  1: t,  hy  v.’hic-li  the  LF  levc-ls  have  surmounted  thc-ir 
h i p,h  values  for  rero  sjiec'd,  LF-7  1 i c-s  several  db  above  llF-3 
and  I.F-6  at  moderate-  f recpieiic  i es , and  all  three-  diffe-r  only 
mode-stly  above-  3 l;l!r,.  At  30  let  the  level  for  b]-’-7  1 i c-s 
above-  llF-3  hy  a fe-w  dii  and  i>y  more-  aiiove-  3 i.Jlz.  I.F-6,  c)ii  tlici 
othe-r  hand,  lies  .somewhat  bc-lo\7  l!l-’-3  up  to  3 Idls.  In  Fip,. 

3. 1.1 - 16a,  s]Kctra  for  both  LF-7  and  llF-3  at  7()  kt  are-  compared 
v.’ith  that  mc-asured  on  the  3-in.  diamete-r  element  5F111  flush- 
mountc-d  at  Sea  Chest  7 in  the  PURVIS  1 test;,  a location  comisir- 
able  v.'i  t h that  eif  the  1,1'’ s.  The  spe-elrum  foj-  5F111,  v.diich  is 
soiiic\;hat  le-ss  reduced  by  are-a  avc-rav,  i np, , still  lic-s  for  t he 
most  jiart  betv.i  e-n  the  othei's. 

l)i  monsi  on!  e-ss  plots  of  the-  type  (3-7)  are  pivc-n  at  10, 

70,  and  30  kt  for  LF-7  in  Fip,.  3.1.1-18  and  LF-6  in  Fipure- 

3.1.1- 17.  On  these  plots  the  spectrum  foj*  10  kt  lies  above- 

the  ot  liers  by  ei  subslant  ial  f rc-cjiK-ncy-dc-pendent  marpin  in  the 
case  of  L1'-6  and  by  a larpe-r  but  less  variable-  amount,  of  t he 
orde-r  of  13  dh  in  the  case-  of  ],l-'-6.  'J'he  spe-ctra  feu'  70  emd  30 
kt  in  eacli  instance-  do  not  elos.oly  apiu'oach  coal  esce-nce- , thoup,h 
the-  curves  for  l,l-'-6  j-(-ma  in  close-  in  the-  intc-rval  uje  l.o  10  lop 

13,  and  the-  70-kt  curves  do  not  lie  systematically 
above-  the  30-k,t  curve-s  nor  he-nce-  ;;up,pe-st  a larpe  acoustic 
compone-nl  .'it  70  kl  . .Similar  dimens  i onl  es.s  plots  are-  piven  for 
LF-6  at  10,  70  and  30  kt  and  for  ],I-'-17  at  3,  10,  15,  20,  and 


ii-  ,.,i  i t/ll 


'V  !t  ip  Fi-'f..  'i.1.1  ]‘)  ?iK  I'cn  I !■  - J .'it  .S  kt  Lh-'  cm  .'p 

lies  fat’  akovc*  (lie  olIkt.s,  v.'ouU  I'f  C'Xpoc  L pd , (nil.  fo)-  apci.d!-; 
1 .')  kt.  and  al'c-vc'  tlid  curvc-s,  11khi;-,1i  a'^'./ini  nc'l  coal  osci  in  de- 
tail, do  disj'lay  ct'inparabl  c’  avc'Paj’c  Ic-vrlp,  <-ind  sIojk'.s. 

To  c'oiniia.i'c  IIF  and  Ll’’  cOeiiionts,  coi'rcspond  i n{;  as  tlicy  do 


to  diffiTcnt  value's  of 


V.'C' 


I'uisL  s.uit  akly  p.cncra]  Lze 


tlie  conjccLurcd  outc'r  schlinj;  lav/  (3-1).  In  App.  I it  is 
luiintial  out  that  fen.-  large'  C'le'iricnLs  ('dRo/U^,.^.?.  i'”  , tlu* 

analog  of  Lhe*  oufe')-  scaling  lav;  (3-1)  for  i)oinf  cle.'mcnts  con- 
sists in  t;lic  fe)llov/ing  functrional  form  f e>r  the  TRL  noise 
spect  rum: 

(3-3)  !>(''’  /2  -/  ) . (Rj  r..)  p 2 T/  ^ , 

wliore'  "Vi  -j  is  a funct  ion  nc/k  nc'cessnrily  simply  relatc'd  Lo  ?T  ^ 
in  Fep  (3-1)  foi'  Llu'  ])oint  spccLrutii  (if  tlice  latter  lu)lds  at 
all)  aiid,  so  far  as  tliu  indicatc'd  area  dependence  erf  TliL 
noise  fe>r  larg.e'  elements  corresponds  to  R^^  we  must  have 
s 2.  TliC'  £;ealing  lav/  (3-3)  v/e>uld  imply  ceeal  cscence  eif  plots 
feir  differc'iit  R / » as  v/ell  as  diffe're'ut  , jn-ovieled  the 

'■  "if 

ple)t  is  taken  as 


3 


(3-^i)  10  log  [V(o^/2)r)/ 


10 


lag  (R  /S,)  vs.  10  log  0, 


in  place  of  (3-2).  If  in  some'  range'  of  the 

siK'ct  runi  P('^-V3Te)  should  vary  as  f'-*  v/hilc’  conforming  t e>  (3-3) 
v/ith  s 2,  v/e  note,  tkien  the  spectrum  v/ould  ho  independent  of 
^ -A-  and  hc'nce  of  distance  aft  . 

Dimens  I eenlc'.ss  plots  of  the  t yj/e  (3-'':)  with  s 2 
are  gp've'n  fe>r  C'le'uients  llF-3  at  15  and  20  kt  anel  ],F-7  at  20  and 
30  kt  in  I’ig,.  3.1.1-21  anel  again  v/ith  LF-6  in  pl.ace  of  hF-7 
in  I'i;;.  3.1.1-22.  In  the  instance  of  llI'‘-3  and  LF-7  the  eoalescence 
is  (jui  t e {’e>od  in  tlu'  middle'  freejue'ucy  range  B <10  1 (’g,  (^•’e.;,/d  )<13. 
At  le)v;ei‘  and  esjieci  eil  1 y higlif'r  value's  of  v/Of,-?  the'  ce)al  e'se-ene-e 

is  j)oe)r.  In  tip'  in.st/ince  of  111’- 3 and  l.l’-O  the'  ce>a  1 ('sconce  is 
poorer  in  the  midelle  ran[’,e  and  he't  t('r  in  the'  c'xt  7'eme  ranges, 

f-i'  m ! 

U J i..t  i h'  I.'k  k 


j 


lie  ’ np.  fa J i 1 y , 

di  II. 'ns  I ( .'I  r’s:  j>  I oL 

^-n  nsfiin'i'l  1 .111  i, 
llic'  i'(ia  1 esec'iHC'  of 


m J.n  t lie  lov.’ej'  rar./'.  A .siniilar 

fdi'  III  riptl  1,1'-!''  j .s  iii  ul  _ i n !■  i y,.  3.  I . 1 - 

.3  i.,sle.-id  3.  Fo,  llu's  v of  'i , 

t lie  curve."!  for  tlie  ( v.'u  c'lei.icnls  an  llie  lalddlo 


a'ane.c.'  bec’onies  vc'ry  poor. 


Coinpar ! !-u^a_cif  IIF  Kloi'iont' s v/ij  1 1 Sr.vil  .1  F 1 einni I s 

The  noise  spc'cLra  inf  a.sured  for  llF-3  are  eoiiiparc'd  In  a 
d iiiiens  a’ on!  ess  plot,  v.'i  t;li  those  iiicasurc'd  in  otlier  tests  on  certain 
small  elements  in  Fi^.  3.1.1-2A.  The  small  elements  chosen  are 
tlie  1/8-in.  diameter  FS-1  number  16G6  of  the  PURVIS  1 test 
series  and  tVKi  0.11--in.  diameter  elements  of  Franz's  Alhacore 
noise  measurements  (itc'f.  9).  The  FS-1  v;as  located  in  Sea  Chest 
1 of  tlie  PURVIS  1 test  at  a distance  aft  nearly  the  same  as 
llI’-3  (27  ft),  and  the  tv;o  chosen  elements  of  the  Alhacoi'e  test 
were  located  at  distances  21  and  G6  ft.  aft,  whicdi  straddle  the 
distance'  aft  of  llF-3. 

The  5-in.  diameter  element  lIF-3  const  ittUes  a large 
clement,  i . e . R^y  U^..^  » 77  , throup.liout  tiie  frecjuency  range'  in 
cjuestion;  the  FS-1  ..nd  Alhaccn.'e  elements  constitute  small 
eleme'nts,  i . e- . R(^,/U  <3,-,^^  1 , at  20  kt  up  to  about:  1 kHz,  or 

in  the  case  of  the  F'S-1  u]i  to  about  lO  log,  = 7 

i ndejH'ndciit  I y of  U^,,  . At  sufficiently  high  freeiuency  that  even 
tlie  .'iirnlle'r  elements  would  consistute  larg,e  elements,  the 
spectrum  fen'  the  HF-3,  if  tlie  area-r.voj'ag i ng.  effect  is  as  R^  , 
should  lie  below  the  spectrum  on  the'  smallei'  e-lements  by  an 
amount  increasing  asymptotically  to  32  dh.  In  t lu'  1 owc'r  range 
v.'liere  the  smallei:  elements  behave  as  jioint  sensors  there  is 
some'  jirior  e'lnpii'ical  basis  to  think  the'  specti'um  on  the  larg,e 
element  of  radius  would  J^ie  c'ejual  to  that  on  the'  smalle'i* 

mull  ijilied  by  (<"■  ’ Ro/'^  U ,,•  ) , where  >( — 0.6  (Rc'f.  10);  this 

relation  luis  also  a t lu'ore't  ical  basis  if  the-  dominant  contrihuti 
vaavenumher  range'  in  the  'fP.h  pressure  spectrum  is  of  the  order  of 
the  eonvc'e  1 i VC'  value'  fdr  both  laarge  and  small  elements. 


r i>''c ! i .1  Ml  F j . 3.1  1 - I, 

I'.uiipo;;  i ( '.".it.  Oii  il'.-  oi 
li.r  d , ;it  l.icj’^cr  liic  siU’c ( rum  for  IIF-  ''  to  dec n .'isc 

loss,  ruLlior  t li.ni  iiioro  isipidly  \,’itli  f rc'C|uoncy  lli.in  the  I'.S-l, 
ond  tlu‘  di(Toronco  in  llu'  spc-ol  ra  is  riduood  Lo  a fairly  sm.’ill 
ono  at  1 1)0  hi;.',lior  f rocjuono  i c'S  . Tlii.s  o i lau.as  t /moo  doca;  nc'L 
accord  will)  iiivicn-  oxpoc- l;i  I i on  for  'J'FI.  noise  spccliai. 

t 

Tlio  A11)/icoro  spectra,  V70  nolo,  lie  fni'Llicr  above  the 
speotra  for  the  l/irp,('  c'lemonls  Lli/in  do  I be  ]'S-1  specli'a. 

These  loci,  bov/evor,  decline  as  le/isl  ;is  r/ipidly  ;i<;  tlio  ]<'n'<’o- 
eleiuonl  siiocl  r;i  in  a wide  fi'ecpioncy  r/inp,o.  I)  i pp'ossi  np,  lo  tlic 
c)uo.slion  of  the  diffei'enco  bet\,'oen  llie  measured  FS-1  ;ind 
Alb/ic(no  noise  levels,  v.’O  ob.serve  tliaL  tlie  ]\S-1  used  for 
Fip.  3.].l-2i'i  is  cpiioler  Ilian  mo.sl';  in  I’ip,.  3.1.1-23  v.'o  p.ivc' 
dimonsi  onlos.s  spcclr/:  for  tbi.s  elcmi'nl,  and  anolber  FS-1,  number 
]f)38,  alonp,  v/ilb  the  tv.'o  Alb.icoi'o  spoclr/i. 

II  K 1 csiionl  s 

Specl)-.)  are  av/iil/ible  for  one  of  t bo  f/ii--af(,  flush,  hull- 
mour.tc-d  11  C'lemonts,  n/imely  11-3,  and  are  shovai  in  Fip,.  3.1.1-26 
and  c-onijiarod  with  111’  and  Lf'  elements  in  I’ips.  3.1.1-27  to  30. 

At  Cl,  10,  ,'ind,  in  run  360B,  20  kt  the  sjic'ctr/i  for  113  /ire 
nearly  coinoidonl.  TL  is  ooncluded  that,  on  account  of  the 
jiroximlty  of  this  elemcmL  1.  o m,acliinery  sp;ices,  the  level/;  up  If) 
this  si>eod  /ire  dominated  by  tbis  noise  source.  At  30  kl  and, 
in  d i sa"  roement  witb  inin  360A,  also  to  /i  lesser  dep.reo  in  run 
3601’)  /it.  20  kt,  the  spectra  lie  hip, her.  In  the  comjiari.son  c'f  these 
levels  v;ith  those  foi'  IIF  and  ].F  elements,  bov.’over,  the  11  levels 
lif-  .above  t be  laltoi'.  It  thus  /ipjuaai's  tbal  siiootn'/i  foi'  ibis 
el  emf  nl^  or.eopt  iiorsibly  /it  30  kt,  c/mnot  be  used  in  makinp, 
infoi'enco;;  coneorninp,  the  dependence  of  Till,  noist'  on  dist/mce 
aft. 


T!''“  '*''l/'t  'on  bol'’oe’i  Ibe  OF  3 .and  F;;-J 
is  .see)  lanp.l.'y  i corre;:pmici  < ('  tiii; 
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H.  1 ''  ■■  ;.j’'  Cl  r,i 

'1  lu‘  i I vhU-  m?c1  I'liar.f  of  llic  liornia  1 i Xfd  cros5;  '-.juTlrai 

(Ian;  ily  oT  noise  ecnsiii  ecl  on  \arioun  ]).!  i rs  oi  Hi’’  eltT.ic  nLf:  .'ii'o 
sliov.'ii  in  ]();■.•  and  1)  i i- frofjucncy  liandr.  foi'  a nnml)i.‘i:  of  di  rfo'C'iit 
runs  and  ship  speeds  in  I'ip.s..  3 . J . I <>  8i'' , Vol.l. 

Rep.ardinp,  tlie  map.n  i Uide  (’J  ,o>)  of  llic-  c ros. sik’o  I ra  , 
v.']ic're  ( 'j' ] j if' denotes  the  center- to- cent  er  .sejKirat  i on 

vc'ct  (')■  betv.'cen  eleuicnls,  v/e  iiia!;c;  tiic'  f o]  .1  c'v.’i  np,  observations. 

At  /.c-ro  knots,  the  iiiap.n  i tudtrs  , apart  f roiii  relatively 
narrov.— l»and  i rrepul  ar  i t i e.s  and  a pronouncc’d  di))  as  frequency 
decreas-e.s  tov.’ard  0.3  kll/,,  pcsierally  a.re  substantial  (e.p,.^,0.3) 

u] i  to  a fretiuency  O’’ (.  2 Hi)  v/hosc  value  is  roup, lily  consistent 

vn' t li  the  foriiiula  t's2/c  ~2  to  3 for  I be,  u])])cr  frtniuency  limit 

al) ove  v.’liieh  ;in  Cic-ou.stic  noi.sc'  field  inciclciit  \,'itb  a distribu- 
tion in  aziiaitli  is  ex)H'Cti'd  (o  yic-ld  a substantially  decreased 
cia)SJ'.-s])ectral  impnitude  [sec-  Kq.  (A3-8)  and  relatc-d  discussion 
in  A)))).  3K  Sujic'r  i iiiiKised  on  sc’voral  of  t!u'  ])lot';  c>f  cross- 
Sj)cctral  mapnitudc  is  tbo  functloii  | ■*(,(  ‘ -.V/c)  j tbit  v.'ould 
a))ply  (A)))^.  3)  if  tlie  ]iressuL<'  v.’cre  duc'  to  an  acoindic  field 
tb.'it  is  isotro))ic,  uncorrel  ated  in  direction,  and  jirojiap.at  i np, 
in  t be  ]>lane  of  tbo  elements.  Detailed  corresiiondenee  does  not 
oj'dinarily  occur,  nor  s))ould  ho  c'xpccLod,  but  soiiie  similarity 
is  noted  for  element  ))aiin;  lll’3-lijM2,  llFl  2.-11F6  , and  111' 1 2-1  jl'8 . 

At  10  let  tbo  cross- S)iect  ra  1 mapnitudes  are  penerally 
rc'duc cd  rc-lalive  to  zero  l:t  , esiiecially  in  tbo  lov.’ei'  frecpu-ncy 
interval  ( 2 kll/. ) . In  some  instances  tbo  ]).attorn  of  variat  Lon 

I'eiiiains  somev.’bat  .similar,  in  most  ral  lie)'  cbanpc'd.  At  20  lu  tbe 
map,ni(udes  are  decidedly  furlber  reduced  (cs.cc:)')!  fo)'  ])airs 
and  f recjuenc' i es  wberc'  tbe  map.nitude  at  10  kt  v.'as  already  1 ov.’)  . 

An  exception  c'ccurs  for  tbe  ad  j acent  - c;l  en.ent,  imirs  lll'.3-lil’l  2 

and  lIF3-)ir4  at  bip,b  frecjiuMicy;  for  tbe  foi'mo)'  ])air  at  f I'ecjuene  i es 


11 


^ _■) . 5 Ih  ( ]>('  ut.ijniliiic  j nf>!  > i r.'njZ.y  t lic'm  ;it  10  ’.u  , 

I'>  n ]'  .'ik  iit  8 kO/. , anO.  i or  iiic  1 .iicr  i lu  i'a  is  n k.-uui  o" 
subsliant  ial  inaj'ji i 1 ucU'  al  ^8.Skll'/C. 

At  30  hi,  iiov7(.'V«.'r , tlu'  iiiap,)i  i t udos , at  Ica.sL  in  Lho  liigli- 
frc-qui  ncy  r,ni{;c'  (i?.  k kllr,)  » am  j'.onc  ralty  sonicvdial  liij’,]ic'r  tlian  at. 

20  kt  . Thf  iiia^’,iii  tiidc'  in  this  ranj;.c,  in  fact.,  on  the  avor- 

aj'.c  is  hi£;licr  than  in  tlu*  f/oqucnt:y  riingc  ju.sL  1k-].ow.  in  narrov; 
f rc'cjiK  iK-y  intervals,  i>t‘al;s  of  ic’lat: i vcl y hi,qh  niaj’in'tudc  occur  at 
sucli  ln‘r,h  f ror[ucnrics  also  in  some  instances  at  lower  Rjieecl. 

We  offer  tlie  follcnn’n”  inferences  from  tlie  described 
behavior  of  the  cross-spectral  maj'ivitudes. 

At  x.(>ro  speed  the  ))attern  broadly  corres])onds  to  what 
might  be  expected  for  an  acoustic  field  v;ith  a fairly  complex 
and  f rec|uency-dep('ndent  angular  distribution . Vie  are  unable, 
hov;c'ver,  to  account  for  the  dip  in  the  magnitude  at  f recpienci  es 
-'0.3  kllx. 

The  oliservcd  decrease  in  magnitude  with  incu'easing  slii  p 
speed  can  reasonably  be  attributed  only  t.o  an  increas.ed  rela- 
tive contribution  to  the  noise  autospcctra  of  Llie  element  paii' 
clue  to  a ])ressure  fic-ld  wliosc-  individuel  normal  ixed  cross- 
S])ectral  magnitude  at  I. he-  frequemei  c-s  and  separations  in  question 
is  much  smaller  than  that  of  an  acanislic  field.  In  terms  of 
Kq.  (A3- 13)  of  A])]).  3,  some  \ in  tlie  clenom  i nat  cn*  becomes 
i ncreas  Ing,l  y larg,e  relative:  to  the  ot  tiers  , bu!  t b.e  numerator 
is  not  eorresiiondi  ngl  y affc’cted,  since  the  ^ multiplying  this 
|)art.icular  Vj  is  .supiios.ed  relatively  small.  The  only  likely 
such  e-onl  r j liuti  on  to  the'  pressure  fie-ld  is.  t liat  due  to  the 
turbulent  boundary  layer.  Assuming,  Lliis  in  fact  to  be  the 
cauf;c‘,  v;e  ccmclude  that  the'  Tbb  eein.tr  i but  i on  tti  tlie  noise  au'eo- 
.‘.pec  t ra  of  tlie  111'  C'lemc'Uts  is  roug.hly  coniparablc'  wit  h the 
acoustic  noise  at.  10  hi  and  |irec!oiiri nates  over  the  latter  at  20 
kt  al  )ear:L  up  to  a f requency  3 klP/,  This  conclu.m'on  is  basc'd 
mainly  on  the  evidtncc'  of  the  jiairs  of  adjacent  c-l  c'ment  , since 
the  acoustic  fie-ld  ilsc'lf  yic'ldj.  a 7"('lalivily  lowc-r  ci’oss  - spec  tra  1 

magnitude  when  the  elements  arc>  furlhc'r  sejnirat  e'd . 
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At  t lip  s.i"K’  t I in':' , .-U  n i'Jik  k i cf.  ji  jc'rl.tli.  ii.iii'I.v 

at  Ka;  L,  it  appear;  tint  th'  .icouslit  an' i l.iit  ian  to  - .n  c..-.  pC'  t ra 
cxccc'iir  (lie  'JT-7.  at  20  kt  , and  in  fart  tint  acoustic-  .soin'cc-s  arc- 

prc';;cnt  in  this  I'anp.c  tliat.  arc  a.hi.cnl  or  wcaiccr  at  0 and  10  kt. . 

Such  n source  sc-em;;  especially  si  roup,  at  ^ S ; referrinp,  to  tlie 
measured  autospectra  on  111'  element  s at  20  kt  , v.'c*  not  c>  a corres- 
ponding humi)  at  about  (Iris  freciueucy.  (On  the  othcj'  hand,  the 

pronounced  Inr  ij)  in  the  aut:ospecLra  at  ^-0.9kllr,  for  20  kt  sec'iiis 

eorrclatccl,  if  at  all,  v.'ith  a dip  and  not  a rise-  in  the  ei.'oss- 
specl  r.il  inapni  I ude  . ) 

At  30  kt  the  apiiai'ent  incrc-a.se  of  acoustic  noise  in  the- 
high- fi'ccjuc-ncy  ranp,c>  hcconies  wucli  more  iircaiounced . 'J’he  humps  in 
the  measured  autosiiectra  in  (his  ranpe,  however,  arc-  no  more  jiro- 
nouncc'd  tlian  at  20  k.t,  and  indeed  similar  humps  occur  al.so  for 
the  1 ov.'er  Sjiceds. 

The  additional  Iri  <’,h- f ri-cpieocy  aeoustie  noise  infc-r-rc-d  from 
the  increase  in  cross- siicetral  mapnitude  at  20  kt  and  especially 
30  kt  a))pt'arr  to  derive  from  sources  in  a relatively  vjell  defined 
elireet  ion.  V.'e  eonelnde  tliis  frern  the-  fact  that  o>y/c  >>  1 in  the 
ranp,e  in  ciuestion,  and  an  axiimithally  isotro]nc  di  st  rihut  ion , for 
e-xample,  v.'ould  therc'fore  yield  n mapnitncle  | ^ j v.dicre- 

as  a uni  di  re  et' i oiial  v/ave , at  the  other  extreriie-,  v.’ould  yield  a 
mapnitude  unity.  It  is  suppested  that  tin';;  increase-  in  (he  eross- 
spe-c'tral  map.nitnde  at  20  let  and  espcciallj'  30  kt  may  he  due  to  some 
i nei pi c nt  cav i ( at i on . 

Thus  far  in  this  diseus;;ion  of  eross-siH-et  ra  v;e  have  eon- 
sidc'j'ecl  only  (he  mapniteide  and  ipnore-d  the-  phase.  If  only  an 
aeourli'  field  i ;;  ju'e-sent  , as  noted  in  Apjm  3,  we  expeet  a re'la- 
tive  ly  slow  vai'ial  ion  of  ])hase  v;ith  a chanp.e  of  2.7/  oe-c-vii'rinp 
only  over  f)'e-e|uency  iiitc'rvals  in  v.’liieh  c.,p"/e  ehanpes  by  at  least, 
ronpjily  2 'll  , exc-c  jit  that  ahruiil  ehaiipp-s  in  j-hase  by  as  much  as 
TT  can  oee-ur  at  inte-rvals  in  c-cpial  to  2 . A to  7f'  (c'.p.  , 

see'  Ajij).  3,  I->i.  (A3-lh)l.  If  another  noise  fie-ld  is  pre-se-nt  , 
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' i;,'.  '}!/ 

^ if'I.hi  1 1',  I 

"lof  Iv  (■>1.  due  to  i )k‘  'j'))L,  hui  li-i.s  a iionn;  t i xc  <1  c . u. c t v ,-i  1 

in.  ij'.n  ; 1 uv.:(‘  sill.' 1 1 compare  Cl  lo  ch.-.t  of  t i,.  uc.  o";'  ic  iic'i-.sc,  a.s  no( 

in  A'pj'.  3,  tl.c  pliasc'  v.n' 1 I st  i 1 J lu'  a]'pi  or.  i mal  cl  y lliat  for  llu' 

ai  oiisl  i (•  fic'Ul  alone,  and  tliis  may  lie  so  even  if  Lhc'  cr^nlriluil  ion 

of  I lu'  TliP  lo  llu  noise  anl-ospecl  ra  exceeds  lltc  aconsPic  oia  . 

Hciifi  llu  l3pc'  of  phase  vai'i/ilion  ju.sl  de.sci;jhc'd  imay  he  e'X.jiccted 
to  v'lpply  lo  llu'  luensured  sp/'clra  in  quc'st  ion  al.  iiicast  Sju-eds  and 
f ta  ipK  1 1C  i c s . 

In  aclnal'ly,  the  measured  jiha.se  vai'iatlon  i .s  .seen  to 
he  ii.vire  rapid  and  erratic  in  iirany  insl.anee.s  tlian  sugp/'.sted  by 
thi.s  accou  it  . This  irirepyilar  behavior  is  largely  confined  Lo 
frecpuncy  intervals  where  Llie  cross-specLral  inacn  i ( ude  i .s 
small,  IniL  is  scarcely  Ic-.ss  noLiceahle  al  x.ero  Sliced,  vjhci.'e  the 
TbL  c onL  r i ho  t ion  is  absent,  Ilian  al.  higher  s)iecd.  It  is 
lenlatively  suggested  that  the  true  plia.s'C'  is  v.U'll  behaved,  as 
exiieclccl,  hut  tliat  tlu'  nuiiier  i ca  1 computatior  procculiire  jirodvices 
spurious,  and  ralVu'r  random  results  when  the  cros.'.-s)iectral  ii.ag- 
irilLub  is  as  lev;  as  it  frequently  is.  This  eonjeetiire  is  sus- 
cc'ptihlc'  to  investigation,  but  no  .avis'wer  can  be  given  in  the 
present  report.  In  addition,  it  is  worlii  pointing  out,  I be 
pbasc‘  curves  as  dra'.'/n  to  connect  adjacent  computed  values  arc 
pi'esnmabl)  fi'ccpienlly  unjusliried  when  these  adjacent  va.lue.'. 
di  ff(  r by  nearly  2 i>  ; i.e.,  sincu'  tlm’  phase  values  1'  and  -Tr 
must  be  identified,  the  eonneeting,  line  from  a eominh  ed  pli.-’se 
TT  - cf  ^ to  'IT  I sav,  v.’liere  1,  ^ 2 ^ ' should  not 

be  the  dijcu'l  line,  but  r.atlier  one  Ic'ading  from  Ti  - dj  (o  11 
c'ind  then  one  lo.-uling,  from  -IT  Lo  -TT  -i  ^ Some  v'iolent 

apjiarent  phase  variations  in  the  jil  ol  s are  thus  el  i mi  na  t cd  . 

In  any  cas.e,  we  li.ave  uot  been  able  to  employ  llie 
measui'cd  phase  )>lols  for  lbc*;;c'  1 .irg,e- el  Oim.  nt  eross-spc'ct  ra  of 
Ibe  I’urvis  II  ti'sLs  for  any  vr-.c'ful  inference. 
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Jn  Lv;o  10-1. t luns  v/illi  no  olianj'.C'  in  control  led  run 
variable's,  tlio  cros,s-:;i)Ccl  ral  iirij’,n  i t udes  for  bl’  pairs,  in  Pain  3d') 
\a*rc  snlislant  i.ally  1 owe  i 1 lian  in  Ibin  fi'di.  'J'b  i .s  d i.  f U'rcncc  is 
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t I ;•  I ! '.!(  I'tl  t ('  ( .’ic  t ( ’la!  c'l;-  .lovalilf  ir'a'*  ' l}c  < 'I'ry 

v.’as  C'>;l  diir  i iv',  ili  ■ 800  - sc  r i t'S  rim.;  but:  nm  durinj  1. 1 3(/?- 

si'7'icr..  A';  i nd  i c'.:i(  cil  by  coi'ii\-ir  I son  of  au(  cs])cc  L ra  ;nKi  con  f i I'hiOd 

by  I'lcsc  cro;;,s-;:j)c-c)  J'.'il  i!iay,ii  i L iidc.s  , llic  .strut  pi'odijccd  spin' i on;;  ;uUb  tl 
acoiKst  ic  noise  on  the  Id'  elements.  lleneC'  it  is  more;  aip'>roi)r  i at  e 
to  use  I lie  300-serie;;  results..  On  the  basis,  of  bun  3;'i3  it  v;oii].d 

apjieai*  tliat  'J'J'd.  noise  inaabniiin.'it  ess  t broii'’b  iiHist  ciT  tie-  fre'jueney 

ranpe  alri'ady  at.  3 0 kt. 


Coneerninp,  tlie  variation  amonp  results  fen'  the  various 
runs  at  20  kt  , v.'c  note,  pronounced  peak.s  in  tlie  cross-spectral 
magnitude'  for  ]d'’3-]d'2  aj'pear  at  0.8  and  1.7  kll/,  fn  Hun  5‘'i3  at 
18)0"  beadinp,  v/bicb  are  not:  promincait  in  tlie  otlier  20-kt  runs. 


Fig.s.  3 . 1 . 1.6.3  to  18^1  sliov;  eross-spectra  for  a pair  of  element  ’ , 

IH'2  and  lb'),  v.'bieb  are  located  at  \/idc>ly  separated  positions  alonti; 
tlie  bull.  'file  ri’sults  give  some  indic.at.ion  of  results  to  be  ex- 
pected v.’ben  the  crossed  element. s have  more  t>r  less  the  lea.st 
])oss.  ible  ecu'rc'l  at  i on . V.’e  note-,  hoV.'C'ver,  in  Hun  3d0b  at  20  kt, 
a local  |)eak.  in  the;  map.nitudc'  at  8 kll'/.,  jiresumably  coj'res- 
ponflinp,  to  an  acoustic  v.’ave.  at  this  frc'cjur'ncy  I'ropag.ati  ng 
roughly  along  the-  leng,tb  of  the  5ihij>. 

Recallinp,  the  conclusions  based  on  IIF  and  LF  ant  os.jiee  t ra , 

V.'C  note  that  tb>,’  eross-speet  ra  ajipear  to  indicate  that  'I’bL  noise 
liep.ins  to  dinninate  acou.stie  noise  at  somev.’hat  1 ov.u'r  sjieed  than 
infeij'C'd  previously.  In  vie\.’  of  the  eom))lex  influc'nces  on  tlu- 
cross- ;;])ect  ra  v;e  tentatively  reg,anl  t hi  s discrepancy  as  not 
f.cu'ious  and  consifler  the  indications  from  ant  o.s]'>ect  ra  as  more' 
re  1 i abl  e- . 
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3.2  i c’cc^^cd  clt'iiiuiii.s  in  t;  o a die  a I 2 

llic  0 c. '.CP,' :n  l_t; , or  cro.';:-p i '.vi  arc.  aviri  1,  ‘iJc 


invoi  (;3  ‘.ia:uUij,li  Clr.  T'u-  pair  G3  ' .iG  '•’  i.-  rucoss.a  bciri  r’ 

a i loodril  c.ivJ  t.y  covered  by  the  fiber as::  v;iodow  of  aoa  cliest  2 and 
are  rountv^d  flusb  in  tbe  air “’oae'nL-d  I'car  free  of  tlrla  c.ivily,  vdn'cli 

is  likewise  f ibi.  r^jlas;i . The  front  v.'indo'w  is  9/ 10  in.  thick  and  the 

« 

rear  v;.ii:dow  3/0  in.  tiiick.  Tlic  latenral  din •.nisions  of  tlie  cavity  are 
aijout  30  in,,  lo'.it:.!  t ndinali y and  21  in.  eirc;u;::ferentially . The  jaiir 
of  elements  C7  and  G8  are  set  flush  in  the  outer  fiberglass  \;indo'..' 
of  ll’.is  sea  chest.  Over  some  area  surroundinjy  tliis  i)air  there  is  a 
)/?.“in.  steel  dou!>ler  plate  att  v-hed  to  the  inside  of  the  \;Indow. 

The  pair  G9  and  GlO  are  f)  ush-mounted  in  t'ne  hull  above  t’nc  \;ind(/.’. 

Tile  center  spacing,  C'f  tlie  pairs  is  8 in. 

3.^.1  Aut.ospeeti  a 

Iteasured  siiectra.  arc  jiresently  available  only  for  elements 
GO  and  G7  a.nd  arc  shown  in  Fitv-J.  3.?,. 1-1  to  3 top,ethc-r  v.'ith  co;;  p..r  i sons 
v;ith  a nei  iji'uor  i n^  l.F  element.  Spc.'ctra  ir/e;:ent]y  available  for  tlie 
G elements  are  limited,  includinij,  only  si'ceds  1!>  and  23  k.t  for  the 
flush  window-iiounted  elc;ment  G7. 

'ihe  speed  and  frecpiency  dcpcaidcnce  for  the  rmiessed  elen-.  nt 
G3  differs  stril.inpjy  from  the  dependence  c'hscrved  for  flush  hull- 
mounted  elements.  ]ii  the  raip/.  c'f  freijueney  up  to  al>ouL  1.3  kl!,  tht: 
sj'ectra  (’i!cren:;c  repularly  and  simll.irly,  apail  from  minor  hunps,  at 
an  averap.e  rate  p.iven  roup,hly  hy  oi  ^ to  ai  ' * . In  this  repic'n 
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Lh(.‘  iiprcai-l  araonj^’,  I Ik  v^irioas  biJcotU:  JLiuiii  0 lo  3(J  IvL  is  < 11  db , and 


: a.  V a.  K...  ^ 


I’ith  s.<  ’c-'.i  is  i'-^'  I loaoLna  ■ . A‘‘  J i.c-yjanc  j es  rpi."i  k. 


ivoM  1 o 3 1 Hz  dc'jicnain^^  o..  s;iec'c' , l!.v:  s,-  ’"'  a loi:  1G>  i.3,  ?.  anc' 

23  la  tuin  upward  and  reach  broad  pcahs.  oi  va.ryinp,  hc-ip^bL  at  abouf. 

7.3  kHz  with  a Lcndcncy  to  a secondary  peak  in  t lu  same  broad  rise 
at.  about  A kHz.  Tiiis  broad  bip,h-ircquency  peak  develops  and  declines 

I 

ill  n rather  rep.ulaj.  way  \.'5  tli  speed.  Thus,  at  0 kt  no  sucli  peal,  occur.*;, 
at  10  kt  t lie  peal;  :1s  proaounced,  at  13  kt  decidely  Itipher  , at  20  kt 
soiiicv.'hat  lower  cinain,  at  23  kt  still  lower,  and  at  30  kt  the  peak  ha.s 
d.ep,cn“r at.ed  to  a i..inor  leveling,  t.rcnd . At  the  7.3-kHz  peak,  tlic 
iiicasured  noi.se  levi  1 at  13  kt  i.s  actually  2U  dl>  above  that  at  30  kt , 
\;hile  the  latter  is  16  db  aboce  tliat  at  0 l.i  . 

Relative  to  a typical  LF  elenienl  , th.  spectra  for  C5  in 
the  rai.y/j  of  loi.^cr  Irt  cjucncy  di  s Linpuished  a.bove  are  nuch  lo’wer  , 
especially  at  the  hi  p;her  sjjceds.  In  t lie  ranine  of  tlie  hi  H'i'fr'equency 
liiaxii'.  .a , hov.v.ver , 1 he  G3  .spectra  rise  v.'cll  above  tliv  LF  si^ectra  at 
10  through  2‘)  kt,  but  rhe  G3  Sjiectrun.  at  30  l.l  is  aLaxn  ra.'ch  belov; 
the  LF. 


As  for  tlie  flush  v;indow--inounted  eleracnt  G7,  tliC  spectra. 

.'it  13  and  23  kt  are  snl).-;tantial  ly  hip,lier  tlian  for  G3,  e.specially  at 
13  l;t  .in  l:he  v.illi-y  precedi  np,  tlie  lii  pli  • frequency  rise.  The  spectri.,! 
apjiroiches  liiore  uea.rly  the  s])ee.truni  lor  an  LF  element  in  tlie  lower 
Iretp  ncy  r.iiy.e  but,  as  wltli  G3,  p.reatly  exceeds  it  in  the  hipjier 
ranp'-.  'J'iie  lu'oad  liuii.p.;  .'il  hi.p.h  ireipieney  still  occur  luit  are  le.ss 
pronounced  than  tor  (.3.  I'iL.  3. 2. 1-2  sliow.-  also  that  the  i>osition 
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The  in.'i,',n  i I m' e 'i.ul  j>lM,se  of  ih^  inn'iiial  i /.eel  ero.',,  • i I 

clen;;.i  Ly  of  noire-  ii'.carured  on  thi'ec  ]>aiv;;  of  C element;'  are  sliovai 
in  lo  f'O  5 Vol  . I.  These-  pairs,  namely  Ch)-C'.G,  C7-G8,  anel 

(;9-ClO,  represe-iiL  i>ai!'s  eif  G e le-inen(s  of  tlie  I liree  (.ypes,  re- 
s jK-e  i ve-1  y reeesseel  hehlnel  a floode-el  eavi  t.  y behind  tlie-  fihe-rp.lass 
v.’indov.’,  fl  iirdi-ineunl  e-d  in  tJiis  e.’im'ov;,  and  id  u:-di-nioun  I e-d  in  t.lie. 
lull  1 I aliove  the-  v;indo..’.  All  peri  rs  Iiave  the  same  8-in.  cenLer 
siieie  i nh . 

On  tlie-  ]>lol:  of  the  map,n  i t ude  for  Llie-  G9-G10  ]iair  at 
zero  sneeel,  the-  fimetion  | d^^/' ’//e)  | of  Apj).  3,  Kq.  (A3--8) 
is  one-e-  more  suiierposoel . VJe  iimy  comirare  Lhc-  maAnilaide  for 
G9-G10  at  t lie  v.ari  cnis  sju-e  ds  v;ilh  rlrit  for  Llie  peiir  of  adjacent; 

UK  element;.  Ill-’G-IIKA  .‘diov.’n  jirevi  oiisly . . At  zero  sliced  the 

map.n  i t ode-  for  the  feirmer  jia  i r is  suh;;tant  i al  1 y hLgher  than  foi* 

tlie  latter  in  llie-  h i ^qh- f re-iiiu-ney  hand  abewc  ? kllz.  Tlx-  pairs 

are-  more-  similar  at  10  kl  , ajiart  from  a strorij’  peak  for  the 
G jiair  at  3 khz  l-’en*  the  G pair  ;it  20  I'.t,  unlike-  tlie  111'’  pai7*, 
tlu-re-  is  no  rise-  at  f req-.iene  i e-;:  8 khz,,  and  at  30  k.t  the 

averapy-  liiapnitude  is  eon;:  i eh-rah  1 y helov.'  that  for  the-  1!K  pair. 

Tlie-  iiuif-n  i I ufle  for  t Ir  f]u':li,  winder.’  pair  G7-G8  at  z.c-rei  S]H'c-d 
is  lov.-er  tlrin  for  the  flush, lull  I pair  G9-G10.  At  30  k.t,  for 

G7-G8,  unlike-  G9-(.'10,  there-  i ;i  p,ra.dual  rise-  to  ei  peed;  at 

/-1. 6 kllz. 

Ke>r  the-  re  e-e-r.sed  pair  G3-GG  .at  ze-j‘o  s])e-od,  the-  eive-reiae 
iria[-,ii  i ( uelc-  in  the  hipji  anel  leiv.’  lieinek-;  is  eif  the-  same  eireh-r  as  feir 
llK3-lll-'d.  'I’lie-re-  is,  liewever,  ei  neit.-.ihle-  feiilure  eif  the  eeiuiputeel 
tiiap.n  i t xule-s  in  the-  tv.'ei  f re-eiiic-ne-y  hands  to  join  continuously  at’  l.G 
kllz.  Thoup.h  the  eh'it  ei  useel  feir  euic-  lianel  is  euily  ei  suhse-t  of  the 
d;it  ei  use-el  feu:  the  otlu-r,  a joininp.  d i se' j'epeine-y  eif  the  eu'der  eom- 
pule-el  shoulel  he-  p,ro;;sly  unlike-ly  s.tal  i;d  ie-ally.  ('I'he  jeiininp,  is 
reithe-r  peioi*  ;il;;o  f oj-  G7-G8  at  ze-rei  si>e-e-el  eind  very  poeu'  feu'  C3-G6 
apain  at  20  i t .)  Al  10  k.t,  the-  ave-rap,e-  map.nitnele-  feu*  G3-G6 
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l('  n hi  >',h- f r<.'<juc-nry  p ik  at'*  8 III'/.  At.  20  kl  llic  uiap,n  i ( iuIl’  if; 

uuicli  i-i'(1ucc  cl , l lifniP.li  sLin  lii  j-juT  lli  ni  for  C7-CB  and  G9-C10  cn‘ 
cvl'ii  llt'a-lll''! . At'  30  kl  , the  ina[', n i t.  udc  dr/iat,  i ca  1 ] y increases 
for  f retiucMK  i t-s  /-S  2 Idlz,  vdic're  the  curve  p, really  resenil)lc;s  that 
fo)'  xc'i'o  speed.  Tliis  'increase  at.  30  kl  sup.p.ests  increased 
relative  proininenec  of  so.iie  acc)vistic  field  that  affcicts  the 
rc'cessed  elenients.  anil  to  a lesser  deprc'o  the  flush  v;i  ndov;-inounted 
elei]ients,  hut  not  tlie  flush  hu  1 1 -mount  ed  element;;. 
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seek  a'  f,-;'' ' ' on  *^c>r  tli'  i sin.cd  Cl)  and  v^V 

spccLr..,  (.‘i.pl  dlfju  the  . L-d  L -k6  and  C.'-C.J 

1 i'  we  rc;;>i>:d  C)nly  l!ic  lower  fr’cniuepcy  r<ine,e  v;'!<rG  the 

iijieofra  lie  below  the  LF  .‘'.pecLra  and  de|iend  \7ea!;ly  and  irre^yilaily 

on  speed,  we  aup]io;;e  tlie  following,.  Tl  ; direct  flow  nol.se  (Vac 

/ 

to  the  TbL  5 .s  dra.sLjcally  reduced  for  t;hc  I'cccsscd  Ci5  element  by 

the  acciustlc  wa\ eK  i‘’.p,tli-f  1 li.er inp,  action  of  tl)C  lut crvenln^i  water 

between  the  elemeait  and  tlic  flov.'  (e.p,.,  .see  App.  2).  Thus  the  hi^^h- 

wavtiun.'jer  noise  \,'ill  be  attenuated  to  a neplJi^jhle  level  and  \/hlte 

low- wavenumher  noise  will  he  redviced,  at  frequencies  < 1.2  kllz , by 
2 2 

a fa.ctor  /hi,  , i;e.,  wit!i  depth  L -•  6 in.  and  - 2.5  in., 

by  ''  16  dh.  This  reduction  of  flow  noi.se;  tlam  leaves  tlie  clement 

d(’i..' nc  ted  by  the  residual  acoustic  noise  at  its  location. 

hvcni  v.’jt'nont  confronting^  the  hijdi-fr (;(jueiicy  behavior, 
tip's  e>:pli’n:',(  ion  is  dial  1 cni;ed  by  consideration  of  tlie  cros.s-spcctral 
i.iap,nit ude  foj'  Liu;  jiair  CkS-tJn  lacasurcd  a.L  0,  10,  and  20  kt.  In  tlie 
low-f rei,uei'cy  rr.np,c;  under  dir.cussion  tdierc  is,  in  fact,  a s^rikin^;, 
sir.;-' 1 .;ri  ty  aiuonp,  tiie  ci'o.ss-sp.jctral  ii;ap,ni  tude.s  at  0,  10,  and  30  kt, 
anct  Lin;  ina,_dn‘tude  is  lathcr  In'pli.  On  tlie  otlier  hand,  at  20  l;l  the 
crci.s.s-.'.pec  t r.d  tnap.nl  tuJo  j a quite  different,  l)uint'  cud)  lower  in 


I 

I I 


'ibis  estimate  nef'lects  the  dillerence  bf'Lv.'een  tlie  impedanci'  of 

the  wJmlov'  an<1  that  of  an  equal  thickness  h of  \.Mter:  this 

o ’ 


nep.liet  i .‘i  valid  at  the  iiertinent  lov7  v.’avenumlu'r  s , sincc' 
(i‘ (,  (j/|  "O  , v.’liere  | i ;;  the  relative  ilensily  o 


C'f  tlu' 


\.'i  ndov.'ii  mat  er  i al  . 
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{’N'rf  I'..’; 

avc)  .a  j I ucla  . (The  j.liik;  loi;  Lliu  c t'o;;  ;j -i.  i>uc  i i.  ,i  an'  av'ai.1- 

a!)li.\  j 1.  ■' s uo\  ;'v:  ua. .'"ir  t up.j  f '■  1 y n.).’  t.'i-j  sar  : as  ' ■ r”"': 

Ills  cor'jLt'Spoiid.- ay  d:  for  wh.ch  l.ho  ilo-ii'C  ...a  arc  '■  v ..1  lad  i'  , 

l)uL  i>nc;  v;oold  liopo  LdaL  L'lio  dohavior  in  ciucsLioa  la  rey-rod'acililG 
dcL.voin  runs.) 

In  addition,  t_'ne  siY-j)oaiLion  Lhat  llov,’  noise  on  G.O  is 

I 

ri'dvaxd  iii  a roJo  or  less  (o-^i-a-c Led  \;ay  in  tlie  loo’cr  frcqncncy  ranY' 
v>;iLdoul;  InrLhor  anomaly  would  .siYjyiSl.  tdiaf  Lhc  S|>ecLrun;  on  the  flu;;!i 
C7  slionid  have  nearly  t.lie  sa*ir.e  speed  d.epe.ndc;noe  and  ronpj;ly  Llie  sate 
level  <1  i for  neiphhor ii'p,  flvish  hull-r.;ounLed  elcanenls.  From  the  daLa 
at  l'>  and  2.‘>  l;t  , flier c.  is  liLLle  sp  '.ed  dependence  for  C7  thronyh  ii.ucdi 
of  this  raiip,i-’.  At  the  same  tiire,  the  contridution  of  the  local 
acoustic  field  is  rather  uncertain,  so  that  tliere  is  no  cieanait 
diser f.j)ancy . Tlie  level  for  G7  and  23  lit  is  appre.eiadly  hclc'.v;  that 
for  most  1..F  cleucnts  at  this  speed,  vdiereas  at  13  lit  from  O.^i 
to  1.3  did.  the  level  is  nearly  as  hip, 'a  as  for  the  LF ' s , sup',p,es  t.ind 

some:  i>oGsili1e  acoustic  cancellation  of  lcnv-\.'i’Aa  minder  fJov;  noise  f>n 
account  of  lo.;  haffit;  impedance. 

In  particular,  despi  i:e  the  l/2--in.  steel  doudliT  plate 

at  tached  to  the  \,'jndo.;  sum  (H'.ndiri”  element  G7,  Liie  efreetivc  acoustic 

impedance  cif  the  haflie  i :-iy  he  s.uhst.mi  i ;;1  ly  less  than  for  the  hull- 

mounted.  elem:nts.  Gome  indication  sliould  he  jp’ve.n  hy  comparison  of 

in  situ  celihration  i easureiuonts  for  the  two  ty]>cs  of  niountinp. 

Gomp..r  i .son  of  Fit’,:;,  and  A-G  j'cferr  inp,  respectively  to  the  LF 

and  the  flu.h  C elem'uits  shen/s , in  fact,  Lliat  t lie  apparent  scnsit.i viti' 

elements  is  {’reatrr  than  the  measured  al)soluti' 

•3  . I 23 
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in  situ  for  the  LF 


Sin;;  1 1 i vi  Ly  by  an  au'.oiuiL  appr  oaclii  n Liu;  Lhnorcl,  i cal  limit,  of  6 dl) 

♦ or  an  ini;i''!ra  rli^id  b''‘j'lc  •'*  raainil  inc,idc'nco,  ('xccpl.  vc.y 

low  J’ri.iiu-.  ncy  _ 'dioi'ca:;  Llio  sc.'.  ■ j ■ wi  l.i  a j ;i.n  si  In  j.t,„  l';c  elv  ; 

iirc  J o'..’cr  t lian  f.!ic  ab.soIi'Lc  sen:. i t ivi  I Lc;;  by  a ft.  w db  at  i>,o.-it 

lr..'cjn'.'ncic;. . It  is  not  c]i;a.':,  howc.'^'cr  , vdiy  this  rcs'clt  obl.4iin.s  al.so 
for  clemc.nt;i  C9  and  CIO,  inasinucii  as  tiicsc  clei..c'ul.a  ai'c  bull -luountud . 

I 

From  tbcorct.Lca]  consideration;,'  ivc  may  point  out  tlie 

cxp:;cl(-d  character  of  tlic  effect  of  a lo.'.’-impedance  aii  -liaclccd  baffle 

on  the  iioi.se  measured  l;y  a fJ.ush  element  (e.j;,.,  see  Ref.  4).  First, 

tile  hi^;.h-\.'.ivcnui;l)cr  part  of  the  direct  TliL  noi.se  on  a flu.sh  elem.'.;nt 

in  a rit.id  baff.le  vjii.l  rtaniiin  nearly  tiic  same  for  tiie  lo'i.’-in pcdance 

baffle,  provided  virtue  of  non-r  ij^idity , hc'./cvev , 

tbere.  will  exist  a re.sonant  acoustic  field  due  to  e'xc.i  i at.ion  by  TRL 

pr  essurt.-  oa  the  baffle,  or  by  r,  eclianical  shaking,,  of  modes  v'itli  v;ave- 

nuhher  s 1'.  k (fo)  , v.’here  k bo)  i.s  the  vjavenua'ier  for  free  bendinp. 
nr’  r ^ 

\\ 

waves  in  tha  v;;iter -loaded  plate  (baffle)  at  freiiUcncy  co.  If  tlie 


For  a tliln  plate  with  \.-.iter ' loadlnp,  cm  one  side  (m'  l)  or  two  sides 
(m  '/)  , if  the  I..' ebani t al  daiii.dnp,  i.s  sinall,  Lliis  vaivenuulicir  of  free 
bendinp  vxivcs  i.s  piven  appro.iirnatcl  y l>y  k^  (ai)  — k^  (r/k  ii)  */-’  for 

k li  « 1 or  by  1;  (ai) 


i:  ' ' o ■ ' o 
for  1;  li  » 3 , v/hcre  1;  i.s  the  wavenui.licr 


O '1C)  o o 

of  the  I'cndliiij,  v.'avcs  in  Ibc  abs.encc  of  water  loading  and 


is  ttie  f luid-cipiiva.l  i nt  plate*  tliiolaie.s.s . lc  i.s  r.iveu  by  k * (a'/a  ) 

r 3/2  o •'  o ' ^ c/ 

v.’liere  a c b /|f'(i'o)l  ''  with  c Lite  .shear  sound  vc3ocity  in 
o t c.-'  ‘ L 

the  bull-  plate  iiiatc‘rl.'!l  , a its  I’oisson  ratio,  and  b the  plate* 
tliicl'.ues.s . 
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of  IIk  jo  V(  .ionanf  ivodo;;  Lo  no.Lso  is  :,u!>s Lant  i all  y rcducjuu  by  area 
aver ay.in^; . Also,  for  > ly  (ft^)  > exei  LaLion  of  Lhoso  i.iO'.los  l>y 

Ll)a  h.’y.li  • ivcnus.bor  part  of  Llic  'J'dl.  pressure  s.pt;c Li:v';;i  produces 
rnoda'  prcssurc:s  Lhat  Lend  Lu  cancel  one  aiioLhcr  alla'rnaicly . 

V.'iLh  r'ejjard  Lo  iion-resoaanL  acousLic  contr  i.l>i:Lion.s  resul  1.  J 
froi.i  cxciLat;jon  of  Liie  baffle  locally  by  IJjL  pressure,  Llic  couLribu- 
Lion  due;  Lo  Lbc  liiph -v;avcauirber  part;  of  Liu;  TBJ.  specLrur;',  in  sor/; 
IndicaLive  rCi:,ii,!e  aL  least,  is  of  the  order  of  the  bip,h"vjavenur.bcr 
coaLr i Ijution  Lo  Liu;  TbL  noise  on  a flurdi  el.ei.:.?nt  cjf  area  cupaal  to 
Liie  free  (unsuppcjr Led)  area  of  the  baffle  pla^Lc  , a.nd  hencc!  is  snia.ll  . 

As  fc)V  Lhe  contribution  due  to  the  lov;--\javenuu;ber  i)art  of  the  ’JT>I. 
speetruiii,  if  k_(aOU^^  » 1,  tlie  baffle  i ir.pcnlance  there;  is  i.iass-donirnatfid 
and,  \.’here  oil  /c  < 1,  this  contiibution  depends  u'liuly  on  b./U  , 

\;l)cre  b is  the  erfecLive  waLc'r-C'cpii.va]  ent  plat  e t.liic-kness  of  llic  barfle. 
'J'iri  s cot\Lril)nLion  is  Ojjpositt;  in  sipn  and  pro]>ur  Lional  Lo  Lbv  lov.’- 
vaivcnur:  ber  diri;ct.  Till,  ])r  es.snre , and  Lends  Lo  cancel  Llie  laLLer;  in 
the  e.'.treiiie  lirnlL  of  oxnivi>le,  thi;', 

pa-'l  of  the  aconstic  fi(>ld  just;  cancels  Lbc  correspondinj;^  pari  of  idic 
'J'i’l,  ]n:essvn;e  field,  i.e.  in  Liie  liniit  v/here  llic  baffle  is  a jiressure- 
release  sui'face  and  tlu;  radial  ion  iinjiedance  of  Llie  eleiuoat;  is  nep,!  ip,il)l  o , 
Llic.  clemenL  face  is  lil;e\^?ise  nearly  a pressure  release  surface.  Tiiis 
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b,'*.  Miu  '■V'  r 

Lcac’uncy  Lowarcl  canai'l  i al.j.on  foi:  lo./  barfJe  i nipcdance  naLurally  (-.• 


'^iio  to  ' ri'”;  ! uu  acou.M  if  Lr  au.'ar.i.  t '.cci  to  tao  clc  ■ \t 


directly  tliroi_'..  tne  v’c'-uv. 

Thus  till'  efiect  of  finite  baffle  i ii;i)t;daiu:e  on  ( iia  noise 
ineasv.rcd  by  a flush  t lement  depends  not  only  on  corr-iilo:  freipaency- 
dependent  relations  involving,  tlie  resonance  par aiaeters  iind  bounde.ry 

I 

conditions  of  tlie  loaded  and  supportca!  baffle,  but  also  on  tlie  size 
of  tlie  eleii.ent  and  t!ie  inconi'pletel  y establisiit-d  cliaracter  of  tlie  wave- 
niuhber  spectrum  of  TbL  pressure  at  low  v.-avenumbers . 

V.'e  return  now  to  t;he  question  of  tlie  speed-dependent  in^-rease 
in  measured  noise  on  C'i  (anil  C7)  at  liip,h  frc'quency.  'I'he  cbaractcr  of 
tills  effect  Stroup, ]y  su^p.esLs  sonic  type  c>f  rescjiinnca  pb'enonienon . 

Keferrinp,  to  Cf),  v.'C  recall  tliat  tlie  v;ater-f  i lied  cavity  separatinp, 
tlie  pciir  of  elcu.ciiits  G5  and  GCi  from  the  fl  o..’  is  covert  d by  a filler  p'.lass 
window  of  9/i6-in.  thickness,  and  the  oiiposite  face  in  uhitdi  tlie  elements 
tliamsf-l  ves  are  f lusli-i.iountedi  is  an  a;i  r ••liaicked  f i lier  p.lass  plate,  of  tliicl  • 
ness  3/i'i  ill. 

Since  tlie  noise  spectra  nc<.r  the  maxima  do  not  increase  at 
all  iiionoLonically  \;il.h  flow  speed,  if  the  effect  to  be  explained  is 
real,  v.’c  apparently  h.ive  to  deal  with  a •'•esponse.  of  tlie  interior 
acoustic  field  that  depends  at  each  frequency  iio(  only  on  the  ntnp,ni  tud<,' 
cif  the  sovirct;  specti  urn,  hut  also  on  some  other  sjieed-dcpendent  property 

of  tlie  source,  unless  we  supiuise  limit  tlie  iqu'Cid-dependent  noise 
souree  in  question,  e.p,.  Inihhle  noisi^-,  deeicasus  in  soiiu'  interval 
with  incrensiiq^  speed.  Ti  1<:  natural,  to  tin  nil  of  the  condition 
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coincic’.cao.e  at.  f r efj'a.c'ucic;;-;  ao  liipn  and  lUv,;  vl loc ;I  ! i i-s  £.;o  low  a;j  tiioac 
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invol\o',l.  Moreover,  coinc j.doncc.  should  occur  lor  each  speed  but 
at  a chaaijj,rn;^  frequency,  whereas  tiie  riaxiuia  ii'.  Lhc  spec(:ra  occur  at 
a relatively  spced-indepcndcMii;  frecjiiency  for  speeds  \;hcre  tiiey  appear 
at  all  . 

Ii-»decd , even  ai)ai:L  from  l.iu;  speed  dc pendemee  of  the  maxlir.a, 

v.'c  an;  una’ale  lo  propose;  a reason  wliy  sue!)  a hlp.li  broad  i.axjuum  shovild 

occur,  a level  there  pp.'caitly'  exceeding,  (he  level  on  a fins))  bull- 

irounted  elcircnt.  \,’c  cannot:  suppose,  for  ex.-u.ple,  tliat  tlie  peak  is 

associated  w’ith  coincidence  of  llie  bcndinp,-v.’ave  resonance  xaivcnuriiier 

with  a r..odal  wavenuiuber  , i.e.  Iq  (co)  , since,  air.on^  other  reasons, 

ior  the  appl.icahle  r..ap,nitudcs  of  ]>arameters  , :u\eh  rc;sona\ices , if 

o!>sc;rv..iilc , would  be  narrow  and  closely  spaced  in  frequency,  l^ikcwise, 

the  interim:  aeoustic  field  due  to  siodes  tluit  i>ropas:ate  normal  to  the 

baffle  and  aj:e  excited  by  the  pressure  field  outside  tlte  \;indov/  cannot 

be  snbs taut ially  mon;  intense  than  the  corresponding,  excitinp,  i^xtcrior 

lield,  since  a resonant  bnild-up  of  tliis  sort  can  occur  cusl  y to  llic 

extent  that  (ob^/e ) (p ^p ) » 1,  vdicre  h^^  is  tlie  thickness  of  the 

outer  window  and  ( j^>(  rc;;pr'.etively  tiic  miss  density  of  tliis 

v/indo’w  and  of  water.  In  the  subject  rej;,ime  this  p.iramcter  is  instead 

less  than  unity,  and  tlie  eil(;ctive  "Q"  of  tiie  supiios(‘d  rissonanl:  cavity 
is  si'iaU.  fr  " m (.,1 

If  i 'u\!i  1 1 ' I . al.  1 l'  ’■  . 
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In  af]cli  t i.on,  Liu.>  innci: 

j Lj.  -lMcl;cd  , ail,  iK.vJn;  niocU'’'."' ( c i innacl.-niCt.: 
v.aveti  nT  j uf  jj.'  n j an  <r  t.ic. 

a la.JIJf  oC  re]  aLival.y  ] o\;  ir  nedance  . Since  il'.j.s 

lli'iL  ol  the  haiCJc  con  l.;i  rJ  nj,  tdie  C7  and 

■r  noi.'.e  and  also  lo.cr  in  situ  acnisitiviLy . 

t 

;c  see  Llial.  Lhe  in  slLn  s(-ns  i t,  i vl  t y of  GS,  for 
.rccjnenci  en  is  ratdur  lias  tlian  Lliat.  of  G7 
ve  absolut  e sensiLivi  1. i eu  , but:  Lbe  opi>osite 
is  Lrut  in  I.lie  £rc(|uency  rany^e  froj.i  1 kHz  Lo  2 Idlz.  In  at. teiipLiiii' 

Lo  accounl  for  Lhe  iioise  measured  l>y  the  v.’indo..’- ii.onnted  G clcai:enl;s  , 
it  1 ..ly  lie  iicrtinent  t.o  bea.r  in  niivl  the  v;ider  variations  frou.  elem.nt. 
to  tlci;cnt  and  tlie  r.ore  erratic  frecjuency  dependence  found  in  the.  in 
situ  c.  librat.  i o’is  lor  Lliese  cietniits  rel.tive  to  tluv-e  for  bn]  I -mo’.'nted 
eleiiK’nts.  ],i  ke\.'i  s(' , tlie  in  situ  cal  i 1 'va  L i on;,  cd  G e]  epien  t s , tliouj;,b 
iiuilual  ly  eon.si  stent  , are  oTtcii  unreptalablo. 

\Je  may  attempt  lo  eorrclate  the  speed -dependc'nt  bii;,li- 
fi'C'Cjuency  behavior  of  the  GS  autospectra  witli  in<l  i cal.  i ons  c>f  tlie 
GS-Cf)  cross-.-.pceti  a at  0,  10,  ?0,  and  30  lu  (liy,;-  3.?.?.7il  to  GO). 

Tlie  rises  in  the  nut  or.peet  rn , we  recall,  occuried  amony,  tlu'SC'  speeds 
at  10  kt  and  e.sjicci  a 1 1 y 20  lU  . The  ercnss-spc'c  I ral  map,nilvu1es  at  Iriyji 
frequency  arc-  larp,c-ls  .at  10  and  30  kt  , with  a build-up  for  10  kt  lo 
a moderate  peak  at  8 kHz.  iM  20  kt  llie  may, nit  tide  at  lriy,h  freque-ney 
is  .somewlkal  1 ov.'c-r  vrilli  no  nol.'ible  broad  maxima.  V.-o  I bus  dc-i'ivc-  from 
tliC’Sc-  cro;’.s-.'qiec  I ra  no  clue  lo  an  account  of  the  G3  and  G7  ant  o;;pee  I ra 
at  liiy.li  frequency. 
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]n  ihi’  ru-r  uf  any  ('tlu-r  likely  cxj;  I aiiat  i on  of  tli' 

In' f,h- f recju.  ncy  heliavior  of  (lie  O')  and  G7  aiil  o;;]iec  I i-;i , It  nalu- 
I'ally  l s jlstlf  llial  l!»e  i nc  rea.'.cd  li  i j-Ji-fi'efjuc.'ncy  iioir.L- 

is  clue  to  bubliler.  . 'J'liese  eleiiienls  ai'C'  so  located  tliat  i ndeed 
t lie  bubl'le  ^;trc■aIll  way  ha\'0  jiasricd  o\'er  tdii-n,  and  fur t liei'iiiore 

I 

the  proximity  of  tlu*  stream  iiiipjit  d'  jiend  on  rdiii)  siuiod  in  a 
nc'iii.ionot  on  j c far.liion  related  to  that  of  tlie  inaj^uitude  of  the 
hi  gb- f laujUi  ncy  hu'ups  in  the  ,'iul  ospec  t I'a  . Tiic  ]>ronouncc'd  dcjicn- 
clcnce  of  t lu'  h i p^li- f rec|ucncy  bump  in  the  C7  spectrum  at  15  kt 
cm  heading;  reinforces  this  supposition. 

On  tlie  other  hand,  c'arlier  analog  data  for  autospectra 
of  C'.y  and  CIO,  tlie  nc-arby  cOememts  flusli  in  tlie  iml.l  above  the 
windov.',  indi.catecl  no  anomalous  h i gh'-frerjuency  behavior,  vdiereas 
it  v.’ould  seem  likely  that  these  loo  v.’oul  d be  affected  l>y  bubbles'- 
at  soire  slri.])  speed.';.  Also,  theu'e  is  no  tic'-in  betv;ecn  an  account 
of  thc‘  anomalous  05  c'lnd  07  siiectra  by  bubble  no.LSC>  and  the  er- 
ratic rc'sul  t s of  the  in-situ  call  brat  ions  for  these  v.indov:  ele- 
ments . 


Never  thelcs'is , bubblc-s  secsn  most  likely  to  be  implicated, 
and  this  hypothesis  should  be  tboroughly  jnirsued  in  further  an- 
alysis. In  this  regard  it  will  be  desirc'd  t(i  examine  more'  of 
tlie  0 .spectra,  including  09  and  OlO,  when  availa.ble,  i nve-.st  i p,ate 
the-  variation  of  the*  h I gli- f recpiency'  humps  between  runs  under 
nominally  identical  condit  i ons. , study  carefully  the  pliot.ograplri  c 
evidence  regarding  bubble  paths  as  a function  of  ship  .speedjand 
listen  to  audio  reproduc-t  i ons  of  the  recorded  noise. 


Ai>arl  from  1 hc'  reg,i  on  of  the  h i gji- f recjuency  humps,  the' 
05  noi.se  spc'Ctra  at  the  Irig.hc  i'  .'ijn  eds  are  well  belov.’  those  for 
the  flush  Id’  cl  emc'iil  . UiOative  to  bl'-7,  for  example,  at  75  kt  . 
the  noise  v;as  lov.’er  by  at  lea.'d  10  db  up  to  3 Kllx.  lienee,  it 
apiiear;;  tint  reces..'i  i on  of  c-lements  from  the  flow  doe.'i  decrease' 


flow  noi.'ie.  As  ])oinlcd  out,  liov.’aver , this  effect  in  tlu'  pre.^c-nt 

' h new  corrc'ct  spectrum  for  (>5  at  xero  .''pec'd  .‘ho\;.':  a noise  levc'l 
which,  from  0.8  to  ? Kllx,  lie;;  Wi'll  above’  that  at  15  kt  . Hence 
more  than  iiie-rc'  at  t enual  i em  eif  f 1 eiv.'  noi  sc‘  by  tlie-  dome  is  in- 
ve>]  veal . , , 1 v . , i wi  r » 

(',0 ill- lit!  Ml!/',!. 
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CONFini-NllA!. 

cc'ii  I i i c'"  \vi.-.  by  .'i  p'T  I I .-t  j I y t c kj  y dt » r . n'io 

ill  (i.f  in-sj'  1 f-cns  1 I ; V i t y ..f  •.sscJ  I > a sjpy)n? 

3.3  l.a^ar-.'dj^ic]  ell'll  J!l  j_ii  Sra  CIutU  ] 

Tlu'  D C']  I'liU'iil  of  sea  ehesL  1 v.’ere  covc'j'i'd , and  tliu;; 
sliii'lded  from  diiiet  TUI,  jireS-Mii'e  fluctuation.';,  by  }'ubl>e7;  layers 
of  iiaxji'.uii)  t 111  cl'.nesses.  ^’,iviii  in  tlie  tal)le  below.  'j'lte  layers 

I 

coveriiij;  eleiiieul:.  1)1,  D')  , l)b,  and  1)10  were  rougbl  y j>lanar  and 
integial  with  a rubbei  windov)  covc'rine  the  enliic-  sea  cbesL. 

The  layers  covo'iui;  the  other  elements  v.’ei'e  limited  in  latc'ral. 
extent  to  a cone  diverging  fi'om  the  ('Ic-iiu'Dl,  per  i phen'y  at  60° 
fi'orii  the  non;i<''l  but  mejj^ine,  into  the  v;i  ndov;  layc'i:  of  thickness 
~l/2  in.  Tile  1)  elenients  liad  sensinji  faces,  of  di.'iiriC'ter  1.3  in. 


Kl.KMbNi 

1)1 

1)2 

1)3 

1)6 

1)3 

Thi ckness 

(in.)  1-3/32 

1-67/66 

2-31/66 

6-39/66 

5/8 

Kl.MMhifJ 

1)10 

1)9 

1)8 

1)7 

D6 

'i  ll  i cluiess 

(in.)  39/66 

3-1/32 

2-23/32 

1-23/32 

13/16 

3 .3.1  Ant  o:;pc‘c ( r.-i 

Measured  nol.'.e  spccti’a  for  I)  elements  are  si. own  in 
various  p.rcntpi  np,.s  and  comi)a)'ed  v.'i  I h flu.'di  eli-mcnt  Iir-3,  wliich 
occupied  a similar  ]io;;ilion  aft,  in  ]eip,s.  3.3.1"!  to  16.  Kn- 
sul  t s,  of  in^situ  cal  i.bral  i nie:  c)f  the  1)  eleiiunts  are  sliovn  in 

]■  i [ps  . 6-9,  ''-10. 

It  is  a consj)  i cuou.s  fact,  for  non-x.ero  spi'od,  that  in 
no  apiireciable  frifpiencty  interval  do  the  mea.sured  noise  spc'Ctra 
lie  marly  in  the  inverse  (or  ilivect)  order  I'f  thicl.ness  of  the- 
layers  interpo.sed  ovi-r  tlieir  facu'.'; . 

At  '/,e)-o  .spea'd  the  noise  spc’cti'a  are  coinjiarahle  ('xcejit 
in  a I'anpy  6 to  V Klh'.  and  near  1.2  I’.iix.  'J'hi;:  re.'.ul  t obt.iins 
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<)1  any  spccnl  tlu'ouj;!)  30  kl  . In  tin's  r.iii<;c,  at  ?()  kt  the  spc'cli-a 
for  tlic’  most  part  nro  a fen.’  <1!)  kolov.'  that  fc'r  tlio  flu.'^h  C'lc..iont  111-’  3, 
and  somevdiat  furtlif'r  bclov.'  at  30  1:1. 

In  the  h.igk.or  f rc-cincncy  ranj^o  the  spread  amonj’  the  spec- 
tra is  larj’er  and  increar.e.s  with  sjK'cd  at  ?()  and  30  l.t  . Aa 
stated,  the  relative  level;,  are  not  sirply  rilated  to  the  (irder 
of  layc'r  tliickness  c>r  type  of  layer  j n.stal  1 ati  on  (pl.anar  or  coni- 
cal). At  30  kt^  from  • 1.3  Kl'/  to  3.3  Kll/  lh>-  .‘.pectra  lie  10  dh 
or  more  helot;  tliat  foj"  111-3. 


Wc-  may  wish  to  cons,  ider  the  coust'cjiu  iices  of  I lie  suppos- 
ition tiiat  the  intriinn'e  si  ns  i t i v i t i cs  of  scum-  c>f  the  1)  (lei:;ents 
were  altered  in  t lie  process  (if  i ns  l al  1 at  i on^  m tlu  similar  imp- 
position  ih'it  the  in.'itallal  ion  iiroduciil  ;;e"  e peculiarity  of  the 
in-situ  condition,  ('.jj.,  air  huhhlis  between  sensitive  fane  and 
covering;  layer,  such  that  the  ap'pareiit  smsitivity  of  an  element 
to  hotli  noise  and  to  a calibration  sijyial  differed  from  i 1 s value 
in  a satisfactory  final  confip.urat  ion  of  interis.t  . In  .siuh  (tint 
it  v;ould  he  more  a)ipropriate  to  use  the  iirsitu  sensitivities  in 
P]  aec-  of  the  nominal  absolute  ;;eu.s  i t J vi  t i es  iutually  c:pl(>yed 
for  the  rc-duc.tlon  of  the  noisi'  data.  (The'  mea.mia  il  ;;en;'.  i t i v i t i es 
must  he  corrected  for  t lie  an^’J.e  eif  incidence  and  di.'.tance  from 
the  calihralion  sotirce„)  Inspc'clion  of  tlu  noise  .spectra  \;lth 
this  point  in  mind,  hov;c;ver,  does  not  ])roduce  a more  likely  or 
S('nsihle  orik'riin'  of  levels.  If  va'  take  the  r.ame  api>roach  hut 
discount  the  overside  calibrations,  wc>  mip,hl  eni[)loy  relative 


CONliul-irflAI 


31 


d 


iir.i.-'i-  f;,  ' f >Ti  i:k'<tui)i  .1  ' /I'Vo  spc  '<1  lo  rulj  ^ I 1 lif  ) ij  .'iLiv  ■ c i > »; 

.'It  lii-i’ji  .‘'.pi'i.  .1;. ; this  i-oiirsf  ,'J  i)r(;.'uccs  uikm'I.  _v.  ] ] I iisull, 

Pos.sihly  the  erratic-  variatitm  nmon[;  noise  .siic-clra  at  the 
hij-ju-r  f ri  ciuc-ne  i c-s  is  at  t !' i hut  a]>1  c lc>  splash  or  }inh!>le  noLsc  . Tlu- 
I)  eleiiu-nts  are  at  Ic-asl  more  aecc-ssil)li  to  llnse  stiinees  than  are 
the  IlK  el  er.ient  t hou^hi  they  v/oiilcl  seem  still  iclatively  remote' 
from  the  main  hul)!)le  .streafa.  As  in  the  case  of  the  (',  elemC'riLs,, 
furtiu'r  analysis  of  tin's  jios,-,  ihi  1 i t y is  \.'arrant  ed  . 

If  v.’e  look  apart  from  the  Iii  i;,h- f )'ec|Uc-ncy  anomalier;  of  the 
noise-  spectra  and  the  erratic  c-liareictc-r  of  tlie  im.situ  cal  i l»ral  i ons , 
v.’e  may  .snp,p/'s(  reitlu-i'  uncertainly  on  the'  lr\.‘’i-.  cif  t h<  e-onipar  I ,';on.s 
at  eincl  30  kt  lliat  the  layc'rs  e)ii  the  D elements  have  semiea.'hat 
reduced  t !ic'  flov.  noise'  I'l  lative  to  fJindi  elc:  ^ nl.'  . 

Wo  recall  emce  more'  tlu-  chareicLor  of  t Is  ant  ic  i pat  e-d  c'f" 
fc'ct  of  .'1  covering  layei'  em  nni  ;;e'  (App.  3),  vhere  three-  cempeMU-nt  s 
of  the  nois.c'  are-  distinguished;  (1)  lii  j;,li-v.’a-.  - nuiulu  r , (?)  low-v.'ave- 
numhe-r , (3)  acoustic.  li  the  layers  \.’ere  all  j^lanar  and  of  .s-af“ 
ficieiitly  lar[',e-  e-xte-nt,  ve-  would  expect  compoiic-nt  (I)  to  he'  p.reatly 
re'duce'd  at  eil  1 f re-f|ue-nci  os  J’O . ? Kllx  for  all  the'  laye-r  thicknc'sses 
con.si  dere  d , since'  evcii  at.  U - 30  kt  ve  have-  ud./O  > ? for 
u /?  X 0 . ? I'.llx  if  h e 1 in.  In  the-  ins.tancc'S  of  those-  eleme-nts 
where-  a 1 arpp-  portion  of  tlu-  thickness  1,  has  only  the  leite-ral 
c-xte-nt  of  a conical  jilup,,  the  I'e-duction  of  ihi.'.  e-oiapo/ient  , he)v.’CVi'r 
may  he-  mue-h  le-.';.-;  than  foi"  .a  planar  layer  eif  the-  full  t hi.cknc'S.s . 

'ilic'  coi?  pon'cnl  (?>,  c>n  assumption  that  it  is  roue^hly  \.'hi  te-  noise-  in 
v;ave  numfie-j',  \,'e>uld  he-  redue'e-d  somev.’hat  as  ,‘;he)\-.'/i  in  the-  aceomp.'iny" 
ing  .sk.cl  ell , the  na'n'mum  7'eulnction  he-inj;  ?3  dh  i or  1,  5 in.  In 

the-  i n.';  t .-ince.s  of  a e-onie.-)]  pluf'  the-  I’eduction  factor  may  be-  seime-- 
wh.-it  le-s.s  than  for  an  eejn.'illy  thie-l:  planar  laye-r.  'J'he  component 
(3)  v7onld  not  he*  appree- i ahl  y le-duce-d  at  all. 

'Ihese-  e-xpe-e- 1 at  i on.';  ha.'.ed  on  a fluid  layej',  hen'.\'ve-i' , are- 
e|ui'.'.t  i on.'.hl  c in  t hi  jire-se-nt  instance-  of  a cove-r  made-  of  ruhher, 
v.’Iiii'ii  has  ;>  low  shear  sound  veloerity.  V7ilh  le-fe-rcnce  to  components 
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(i)  niid  (■'),  ii  V.M.;  (.'(I , I'n  [.  n ' ifiil.n  , 1'^  c , v/IkC" 

y .liOU.ld  lu'  t )ll:.  i <i.  red  of  111  m'd''''  of  ill'  sh  ,'U'  sou 'd 

vulc’i'iLy  in  llu'  c.'iso  of  a .scilid  layer.  Jf  I lie  slulcli  per  t a i.iii  ii[; 

I Cl  I'c'chiclion  of  comiioneiit  (?)  dm'S  apiily,  llie  upper  f rc-cjuc-ncy 
limit  for  appreciable  rt'duc  i i on , v/e  nolej  j ■,  jj,J.vc'ii  by  cii/2-  c/U^^, 
v.'liic  li  dec'ja  ase.s  v.'i  ( li  deoreas  i ny  e. 

'J'lKHip,h  llu-  dor.  i ['ll' i>]  an  for  Lbe  I)  eleiuenl-.s  cnllc'd  for  a 
thiiinesL  layer  of  1 /A  in.  lliiekness,  in  facd  the  thinnest  v;as  cif 
1^/8  in.  tlricluiess.  It  is  unfortunate  that  there  vats  not  also  a 
f 1 ush-mounted  elcaiienl  of  the  same  typci. 


.Spectra  of  wavc'uuiTibcr- wh  i t c’  noise  beneath  jil.inar  fluid  1 aycu's  cif 
various  thi  clmesses  „ 
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Tlicre  is  no  conr.]ii  cuour:  1 y un  i foj'in  clnn^’C'  in  Die  Inlinvior 
of  tlie  eruss- sj)eel  r/il  ii':i'',n  i t ude  wit.li  increa,",  i ny  elf'inent  clepDts 
(and  s]>aein;'s)  from  jiair  to  j^air.  'j’lie  avcrap.t  majyii  tnde  in  Die 
hi  fia'fjuency  ranp.e  ( kll/.)  at  10  k1  doer,  increase  \;itli  tin’s 

pro[’,rer,  5’.  i on , and  the  inap,n  i.tiidc  Is  very  for  tlie  p-iir  lVi-l)9. 

The  majpn'lmles  in  various  instance's  display  stronp_  peeiks  aiul 
dips.  In  se.vc'ral  of  the  ])lot.s  the  conlinuity  at  t lie  joining,  of 
tlie  curves  computed  for  llic'  low-and  ii  i gli- frecjuency  I'anges  is 
|)OOL'.  Overall,  the  cros.s-. spectral  magnitude.s  are  .somev.'liat 
higlier  than  for  the  flush  ]iair  )ll’3-lir‘ti , for  exaiiij:)le. 


It  is  not  unamhi  g.uous  1 y clear  v.dial  effect  the  recession 
of  tlie  elements  idc'ally  .should  have  on  tlie  cross-sjK'cl  I'a . Cei:- 
t.'iinly  the  h i gh-w.'ivemiuiher  Tltl,  noise,  v.'hich  has  a cross- sj'C'ctral 

, . r 

luagpmtude  ap)U‘eciahle  over  a relatively  limited  extent  in  O'j' 
[e.g,.,  see  A)>p.  3,  Kc|.  (A3-3)],  will  coiit  i' i hute  less  to  the 
aut  or.)iect  ra  on  recessed  elements,  so  that  the  mag.nitude  of  the 
noniial  i xod  total  cross- spec  t ra  1 density  migjit  he  higjier  for 
such  elements..  'J'h  i s result  should  hold  ;it  least  if  time 
acou.sfic  noise  and  not  1 ov;-wavenuml)er  I’Bh  noise  is  the  chief 
additional  conlrihutor  to  the  noisc'  anl.osjH'C ; ra . 


For  the  l)3-I)o  pair  at  zero  speed,  the  c ros;;- .spf'ctral 
|)Ivise,  it  is  noted, has  an  unusually  rc'gpilar  linear  dejiendence 
in  two  fre(]uency  inlerv.ils  extending,  from  ''i  to  10  kllx.  An  ef- 
fective ])hase  vtlocity  can  he  cominited  from  tlu:  slope  and  corresiionds 
to  an  acou.stic  \;av(>  with  wave  vector  at  a ivirlicular  angle  relat  ive 
If)  the  element  .seji/iral  ion.,' 
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Ari’i'lNDlX  ] 

Di Mi-’X's 1 0...  Kss  .i  ixiTUA  /ms.'  s(.V\unc 

'J'liUiUH.K':'!  -l/A  \ 

Jl  has  t)i'cu:iii'  cus  t < i;i  n ly  , v.'iLh  re  rcrcncc.'  holh  to  J>'ih- 
oratoi'v  iiioa  sii  ii'iiii'i  I L s of  noiso  ami  lo  .sliip  inca.suia  iiicn  t s 

of  so  1 f-no  i so  on  fln>.!i  olor’onl';  al  non-van  i shi  ng  shiii  s|K'o<1, 
to  pri’sont  nc'ii-o  <'U'l  o:-i'oo  1,  i a in  c!  iinonr.  i onl  I'ss  foi'iu  vs.  fi'o- 
c|VU'noy  in  tl  iino  nr.  i on  1 o.‘‘..‘'.  fonii  v.Iioi'o  tlio  form;  u;;ocl  nrv  t!io;:o 
(li’finod  l)y  t.’ikinp,  houiula  ry- I ayoi'  d i ;.))  1 aoomont  lliioliioss  ■ 
as  tho  Icaip^tli  paraniotor  ami  a.syi.ptotio  f I ov.’  spo^-cl  l'^  as  Llu' 
volooity  paranu-tor . I’rost  n La  t I on  in  lliis  form  is  obviously 

oquivalont  in  i n fo)'ma  I i o.i  valuo  (o  tlio  rav.'  luoa.siu'ocl  si'cctia, 
ontailing  lu)  as;ai;i)j)t  i oji.s  , hul  tho  utility  am!  ajqirojn' i a t oncs^-.s 
of  this  foriii  is  mc-asurocl  l>y  tho  ('xtcnt  lo  v.’liioh  noiso  spool  la 
duo  Lo  tlio  'JTd,  scale  in  such  a.  \.'ay  (li.-it  sp>.'cl)'a  for  diffcmont 
values  of  and  ■ (i.o.  of  spoc-d  and  distance  afl)  tend  to 

coalesce  on  sucli  a plot.  Tiu'  dop,roo  of  coalescence.',  hov.'ovcT, 
may  well  suffice  to  rondo]'  tliis  inotlu'd  conve-niont  for  prosc'n- 
tation  of  data  ri'korrins^  to  different  speeds  v.itliout  inspiring, 
cenifidence  in  tlic’  oj'timnlily  cu'  even  adeejuacy  of  tlio  associa- 
ted scaling'  lav.’  for  extrapolation  of  I'osull;.  to  an  unmc'asured 
regi me'' . 

If  one  is  assured  that  Thh  noise  spectra  do  coaU-sce 
on  some  form  of  di  mcsis  ionl  ess  plot,  v.’C'  note-,  then  if  measui'ed 
sj>eetja,  e.p,.  sea-test  tlata,  are  so  plottc’d,  tliey  must  lie  al  i>ve 
tile  l)asic  Thh  curve  hy  an  amount  tliat  mis'isurc'S  the  cent  r i liut  i on 
of  noif.e  sources,  otiier  tlian  llic’  'liih. 

A iheontical  discu.s.sion  can  he  advanced  (o-p,.  Ue.f.'i) 
supi'c;;  I i np,  tliat  at  sufficiently  liiph  freciue.ncy  ()Huhaps  fiu' 
fiV/v.;.'^_  0.1)  tile  ai)pi'op]' i a 1 e '1111,  pi'ossure  scalinp  parameti’i's 

ma;  I'O  not  and  but  ratlic-r  the  leip'll'  ‘“'cl  .speed  paramet  ei'.s 

eh.’i  rac  t er  i St  i c of  tlie  inner  part  of  tiu;  houmlary  layei',  namely 
v/v.;.  (pi'oport  ional  to  llie  tliicluiess  of  the  vi-.cous  .sul;l  ayi'r) 
and  V.;.,  v.’here  v denotc's  h i neiiial  i c vi:.co;;ily  ami  v.,.  the  friction 


'lliis  i ;;  p.'irl  ir-ulaily  true  v;i  I li  rep.ard  to  ile(H'mlencc‘  of  i’hl, 
no  i •,<*  on  d i s t aiice  a ft  . 


1 


] 'illOM  - A /Oi  6 


I 

i 

I 


v(‘1'  ily-  '(>  Ihc  prc  f;;:ui-c'  sc.ilin;’,  foi'in  cciricripoivl  i " 

1 1.1  |i, ’ r.'M.K ' I ci  ,s  ;m'l  v,._,  c'ls  i lie  iniK.  .'ic;  I .up,  lav;  I,-  ‘liai 

cor . a:;jKiml  ’ i\ j to  pa  ,''ii!L' I c i'  .iikI  I!  ns  tlu' 

I'oi'  tlu'  I’urvi;.  data  ju'i-H-cs.s  i np,  report  cd  lic're,  son.C' 
iioi;;c  nuto:pi-ctra  \,’ei'e  jilotled  in  l)otIi  inner  and  ontei'  diii'Cn- 
s ionless  forms,  di' fined  .specifically  t>elov.’.  Tlie  form  I af.en 
in  eacli  case  I'efein.  to  i)oint  pi'e.'-.sui'e  and,  even  if  tlic  per- 
tinent sealinp,  1 .iv.'  for  'Jlit,  I're.sstire  is  valid,  Ti;i,  spectra 
luea^ui'etl  I'y  elements  of  radii  tiierefoje  caimot  be  expected 

to  coalesce  unless  U /U  *^1  . Since  the  appropr  i <'it  e area 

C’Oi'iect  ion  facto)-,  ,at  fixed  and  6...,  may  depend  almu.st  solely 
f'li  ’ ' bov.’ever,  the  outer  form  of  cliuic:ns:i  onl  oss  plot 
(tlioupb  not  the  i)inc)),  if  valid  foj-  cil\^^/n,^^%l  , may  yiedd 
cc>alescinp,  ))lot.'.  for  varyinr,  hut  fixed  even  when 
aK^yi'^„xlV  Accordingly,  the  outer  form  of  plot  is  u.seful  and 
f)as  been  comiuiled  fo)'  e I c-ment  s of  all  sixes. 

Vt'iriou.s  alteiJial  i vi-  po.s.sihle  .scalijie  form';  may  he 
con  1 ec  t urevl  al  so  for  larp,c-  elcMiients  (a  • S.  • haf.,3), 

v.diicli  would  lahe  account  of  the  aj-ea-avei'ap.i  ))g  facto)'.  Thu.s 
fa)'  thes.e  h.'ivi-  not  heo)  coniputed  in  the  I’tD'vis  data  i)rocesf;i  np,. 
apart  f )'om  hand-c’oinjHjted  results  in  Sec,  2 based  cm  Kcj.  (Al-10)  belo\.’. 

The  out  (')■  a)id  i)i))er  fo)')iis  of  di  n)e)isi  onl  csss  plot  arc' 

I'c  s pec  t i vel  y 

(Al-1)  JO  Jog  J v.s.  JO  Jo;-  ^ 

JO  1 og  ^ v:;.  JO  1 og  2 

wi  t I)  a.,'  . clefi))ecl  a.<;  fo  I J o-,/.s . J.c-t  J’(f)  dcj-olc-  lJ)C'  spccti'uu) 
of  noir.e  pi'es.sure  0)i  a p.ive))  eloDcmt,  so  normal  i xed  that  the- 
mc-an  s(|uai'ed  nc'ise  pres..‘;urc-  i p,iven  I'y 

(AJ-2)  cp^  r<Hl'(J)  (2.)'^  [cl  l■(n^/.2,I). 

4)  'O 

^ since-  ( ...  cl<  poxli.  v;e.il;ly  on  U„  a))d  I )'onp, ly  o)\  cli:ita]ice  aft  , 

coa  J e.sce))ce  fo)'  p,ive))  large-  H al  clirieiinp,  11^  v.'ou  1 d 1 c-  cnily 

approx  i IDS  I e,  a))d  ))o  c-oa  J (-.sconce-  would  J i-  c-xpect(-d  fo)*  e I c'idcu  ' al 

varyinj-,  di;. lances  aft.  'J'he  ajijiroi'i*  i a I e }-,i-)i(-)'a  1 i x.al  i on  for  dc-j-.-n- 

<ia))C(-  on  K A . J c-oil.s  i dc-)'ed  furl  he)'  o)). 
o ’• 


■d 


'J  lu'  t!  i iiK’ii:' i on  ] i‘i  :'  frofjiK'iK  )'  ■iiul  j>i'o;;.surc‘-  [.pc’c  I i';:  veil' i .'il) J or; 
nri-  ell  Thud  by 


(Ai-;o 


VA'-oj;*, 


i) 


2 


2 


l'(  )/p 


in  wbirh  U i !i  i ilon  t i 1 i eel  v/itli  pbii)  .sinucl.  Tlue‘;e  clef  i n i 1 i ons 

O.  * * 

may  be  revavitten  a;; 

(Al-/,)  ( 'v/b^)K..,  ^'Jd>(  /:^  OA 

' J ” 2'  ” J ^ ) , 


vlu've 


(Al-'O  K...  U 6.../V,  jv  V.../U  . 

K...  anel  are-  conf.  i clereel  lo  be-  given  adequately  by 
tlu'  ce>r  re:.j<ond  i n;',  cjeianlilies  for  Ibe  'J'bl,  on  a flat  p]aLc> 

(at  zerei  anp,lc  of  at  l.aek)  al  a dif.tance  x from  tbc  liiadinp, 
edge  ecjual  to  distance  aft  of  tbe  bov.’  (taken  as  rramc'  0). 

R.,  and  g,  have'  bean  ce)iiii>ut  ed  fi'emi  the  f ol  1 e>v.’i  ng  fen'iiiul  aa; , 
applicable  at  tin.'  bigb  Reyne)lds  numbers  eif  cemce-rn,  as  dis- 
cussed bC'leev;; 


(A1-6)  K..  1 . :i0(l0‘’)(R^./J0^)^’-^’^‘‘^, 

g 0.0'30?'i(R  ,/lO^V^’'^’ 


v/Iu're 


R I'  x/v, 

X “ ' 


ITqircss  i Ol!  (Al-b)  ftir  g reju'escnl  s a juiv’t  r- 1 <av.’ 
fit  ove-r  the  interveil  0.h/(lo'^)  •'  R ■ 0. 7/(10'*)  tei  the' 

v.'ilues  I r'lbul  .at  e-el  in  'leible-  21.1,  p.  .')/|0,  of  Reif.  6,  with  the' 

fit  maeU'  e'X.ae-t  at  R^  10.  Tliat  T.able-  v.’.as  e'e'ini>u  I eel  f remi  a 

1 og,ar  i I htn  i c veleicity  preTih'  with  cemst  .ant  s.  elel  e'lini  lU'el 
C'lii]*  i r i e'.al  I y ane!  preicieled  an  exeu-l  I e'li  t fit  to  g,  up  t e>  the' 


3 


] ■<!;()'.  1 -■'r/0  I (> 


max  < 

• 111!  va  1 III ' K 0 , 

X 

y- '•(!()'')  for 

v.’Ij  i c’li 

a iiiea.sn red 

val no  i s 

'll 

. .i> i e f 1 v,.i. 

.'’1.7.  "I  KC  1 

-r  lO  ''^ 

(Al-b'  for 
Cl 

j:  ntr  t) 

tall.  : 

.•lieu  "at 

lU-.-.  V , 

■y  cio.iv'ly  1' 

• K -10  . 

X- 

Kxii; 

CSS  i (in 

(A  1-6)  1 cir  1 

nv'  8' 

vinp,  Ibr  d i s. 

pi arement 

liiicincss  • a;;  a fum(  ii'u  of  diatanco  aft  x and  f I uv/  apfcd 

, v.’a,^;  obtained  as  fnMo\;s.  The  uii):i.en  t uin  ecjViat  ion  v/as.  in- 
tof'iated  to  rive  the  i nr  I'ease  in  iiioiuen  turn  Ibieknes;:  f v.d  I h 

' III 

de'wns  t rc-a:,.  di.slanre  f I'oin  >:  ( >; . In  (lie  ,i  1 1 1 C'!’ rand  , llu- 

friction  c I le  r r i e i (•))  I v.vis  (alien  (o  be  (hat  yielded  iiy  forniula 

(Al-G)  for  p,.  'J'he.  lov.vr  limit  v/as  (alcn  to  eoireRpond  to 

K,  --]()^,  and  (be  roin'csjiond  i np,  value  cif  f v.’as  eoiiijnited 
^'o  0 7c) 

from  (lie  relation  K ■ U t /v  0.0''ibH  ' raven  by  Kef. 7, 

Kcj.(/-80),  j).G87,  a;,  valid  in  (bis  ranp/.- . K.,.  v;as  eoniputc-d 

from  (be  K olilaiiicd  by  inlei'ration  by  the-  relation  K.  IIK  : 

tlu-  .sbajK-  cec  ffieic  nt  11  wis  taken  as  11  (1-6.  Ip,)  , pjven 

in  Kef.  7,  Kip,.  7-6,  jn  A83,  as  a fit  to  C’Xpcu' iment  a1  data 

(at  somev.iia ( lov;er  Ueynolds  numbers,  bov.'evcr,  tbaii  Ibose 

in  {juest  i on)  , and  p,  v;as  onee  more  eompnted  by  (A1-6). 

Finally,  as  in  t lu‘  instaiiee  of  p,,  a i>cn;cr  lav.'  v’as  fitted  to 

(be  result  i lip,  eoirputed  K.  ovei'  (be  intc-rvai  10^- Up  0.77(10'^), 

H X 

v.'ilb  (be  fit  made  exac-t  at  K 10  . 

X 

V.'c'  c'Xl  end  eon.s  i dera  i i on  of  ( lu>  outer  pro.st.uj'o  .scaling; 
lav:  1(1  I be  ease  of  larp,e  elements  (ci  K^yi)^_.  ;■  I)  to  permit  a compari 
\.'i  t b m:'a.sur(  (1  noi.se  .sj>eet  ra  on  elements  at.  diffei.'inp,  distance  aft 
If  the  jioint  ]ire.ssure  sjieetruiii  sealc.-s  ac-eordinj;  to  tbe  out('X'  lav: 
(f.e.  , if  tlie  measured  defined  by  (Al-3)  de]iend.s  only  cm  ^’j)> 

and  possibly  even  if  it  does  not,  for  6,..  tlio  s.poetrum  of 

area-avc-rap.od  'Jl'.L  j)ro;:;.iirc‘  on  a larp.c-  clomcmt  is  oxj>oe(('d  to 
have  apiiroxi  Ilia  ( e 1 y (be  form  (Uef.  3) 


(Al-7)  l>Ci  /2r,)  : (^'K  /Uj"^P^dn,U.^l(ts.yii  , 


v.ibei'e  N is  some  fnnel  Ion  of  t bo  indicuilod  d J monsi  cm  1 ess  arp.uments 
If,  in  addition,  I lie  v.’aveiiumbcr  sjKclrniii  of  Till,  )iressurc'  varitrn 
lilt  le  in  I rl  c>f  tbe  1 oc:-v;avenuinl)er  ranpe  drfliii-d  liy  K 2nU 


6 


.‘.on 


i3noM  -/r/oj  ( 


f.in  ’c  lixt"  ('  f al  al')  onl'  ior  a R /')  n 2ir  > (iiR  I'-. 

' ' •'  i.  (y  ' 

I Ill'll  (Ai  7)  1.  .-diK  . T t(  i.ho  ■'  )■<'  rea ( i:  i I ! C'd  iurii 


(AI-8)  P(  /2-I)  (f'  l:  yu 


v.’Iic’rc  F Js  anothur  fimclion.  'JliLs  form,  unlike  (Al-7),  impliof 
a uniijuu  ai:ua  di'jH'iKli'uc'u , namely  as  If  fke  v.r'i  venumkt'); 

siiecLrum  doc'S  not  .satisf)*'  Llie  rest  r:i  e t Ion  lecidlnF,  to  (A1.-8)  kut 
increases  mori-  or  less  smoothly  v.’itli  v.'aveiiumher , the  >’,eneral 
outi-r  form  (Al-7)  may  nevertheless  hold  and  he  ajij'rox  i ina  t ed  hy 
the  form 


(Al-9)  J>(.i'/2r)  , 

v;here  s is  rej^oarded  as  rou{',hly  constant  and  lies  hetv.iec'n  2 
(as  in  (Al-8))  and  3;  (Al-'J)  may  he  rev.’ritten  as 


(Al-10) 


P(n72a)  = 


- s. 


v.’hei'e  C(x)  X F(a)"  h’ov?  vje  define  a modified  dimeiisi onless 
sjiec'ti-'um  n P>y 


(Al-11) 


Vi,  ^ ■'■i(R  A > 

J Jo  'O’ 


v;il!i  n j still  defined  in  terms  of  a incaasured  spectriu.i  P(ai/xn) 

by  (Al-A).  Hence,  if  Till,  ]>ressure  dominates  the  measured  noisi 

on  a larpe  element  in  some  I'ejvinie  and  this  ]uressui:e  sat  Is  Ties 

the  outer  sc.aliny^  lav.’  (Al-10),  then  jilols  of  10  Joy,  ii  vs, 

10  lop,  Oj  v.’i  I I coalesce,  and,  unlike  the  in.stance  of  plots 

emjiloyinp,  thi'  uniuidified  tIj,  tiie  comparison  of  these  jilots  lias 

a hasi.s  even  where  the  values  of  R /h.,_  diffei:,  since  the  form 

o 

(Al-10)  takes  inojier  .account  of  tliis  de]>C'ndencc-  on  lyA’.'.. 
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Al’l'KNDl  X 

RHiniCi  lOX  OF  Fl.OW  NO!  OF  I’.Y  A COVKK]  NC!  NAYKR 

\‘lc  rt'vicw  briefly  tlie  bn'iic  points  relevenl  to  the 
question  of  noise  reduction  by  u Inyer  or  u fluid  dcnne  with 
nep.lip.ible  covi*r  impednnce . At  n givi  ii  frc-quency,  three 
contributions  to  the  noisg  on  o l.'irpy  flush  elenicuit  (rodius 
R , aR  /U  »7i)  ore  d i s t i n<’u  i shed  . The  first  tv/o  ore-  due 

O O 00 

directly  to  pressure  fluctuations  ossocioted  with  the  turbu- 
lent boundary  layer  (Tbb)  • Of  these,  tlie  first  is  a hip,h-v;ave 
number  part  (K  > «’/0oo)  which  is  the  only  kind  that  v.’ould  be 
present  if  the  prc'ssure  v.’ere  generated  by  "frozen"  c-ddies  con- 
vected  down-stream  at  velocities  not  c'xceeding  the  shij)  speed 
(U^)  . This  part  varies  with  radius  as  R^^  . Any  achfitional 
pressure  fluctuations  due  to  surface'  roughness  may  be  prc.'domi- 
nantly  also  of  this  hlgh-wavenun.ber  character.  The  sc'cond  is 
a low-wavenumber  coiiij-)onent  (K  the  amplitude  of  this 

component  is  no  doubt  much  smaller  than  that  of  the  formei',  but 
it  is  mori'  heavily  weighted  in  tlu>  average  prc'ssuj'e  on  the  ele- 
ment, since  its  contribution  is  much  less  reiUiced  by  area 
averaging.  Tiu'  third  contribution  to  noi.se  is  unc’c'rstood  to 
include  all  other  sources;  it  is  presumed  to  have  the  charactc'r 
of  c'l  radiated  si>und  fic'ld  (modifietl  by  int(*raction  v.m  t h thc' 
f 1 ov.’-boundi  ng,  hull  and  inclviding,  any  sound  duc'  to  compre-ssi  hi  1 i ty 
of  t he  fluid  of  the  TH!.)  . 

.Shi  I'l  (.1  i ng,  the  giv(>n  element  hy  a layer  of  dejith  b is 
expected  to  hav('  the  following,  effects  on  tlu>  thi'cc'  contributions. 
'Ihe  first  (h  i g,h-v;avenumbc'r)  i>art  will  b(>  la'dui'cd  to  neg,l  i g i b i 1 i t y 
pi'ovided  roug.bly  1,  » and  the  lateral  dimensions  of  tin.'  layer 

'1  h i .'ipptndix  is  based  on  Itefs.  3 and  A. 

'ilic  explicit  mat  hemat  i cal  analysis  tliat  iias  been  denie  pertains 
to  a fluidj  not  a solid,  layer.  Wo  exivct,  snliject  to  experi- 
mental test,  that  an  ela.stic  solid  beliaves  similarly  lU'oviilod 
the'  t ransvi'i'Se  sound  velocity  is  of  the  order  of  the  sound 
velocity  for  Ihi'  fluid  analrtg,  .-ind  larg,('  cominared  to  the  sln'|i 
speed . 
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.'iri'  nuPiMi’iil  to  tlv  '• : > 'incMit  cl  i .'.muc' 1 1 i (;ni'l  l.'ir^'.cc 

lii.m  t lie  v;;i\  . > c,  ?nc/’>')  of  : iid  in  il;o  1 ;iyt  r r •.’.criil). 

Til  SOUK'  p.irauietcr  rcpiiiU',  more-  spec  i f i cci  ] 1 y , iliis  pea  c is  re- 
duced r.'itlier  ns  tliovip.ii  nver;ip,ed , noL  over  tlie  oleiiicnL  nrcvi,  fnit 
ovc-r  tlie  Inlernl  nren  of  the  Tnyca'.''’-'  'j'lie  second  ( ] ow-v;;ivenuiiibe.r 
Tld.)  imrl  v.'i  ] ] be  reduced  t ('  nn  exLent,  depeiidiiip,  mninTy  on  the 

rntios  K /}.  nnd  K /b.  For  c-xninplc'  if  tlie  wnvenuiiiber  spec.Lrum 
o o 

of  tlie  Tlib  pressure  nt  frecpic-ncy  ci'  is  cons tnnt'>'V  in  the  rnu[^e 

in  cjuestion  (wbence  this  jinrt  of  the  nvernge-pressu rc-  spccLrum 

_2 

for  the  flusli  eleriic>nt  v.'ould  very  ns  1'^^.,  ) > this  pnrt  fca:  the 

shielded  element  is  reduced  ns  if  nvernged,  not  over  the  clement 

2 

nren,  hut  over  nn  nren  K ” , if  R > R , v/he.rc: 

> c’  0.  o 

= 0'/>0^  + l/8h^ 

i.e.,  roughly  ovc-r  nn  nren  of  rndius  ccpinl  to  the  smnller  of 
three  tiir.c-s  the  Inycr  thickness  or  one  tliird  the  sound  wnve 
lengtli  in  the-  mnterinl;  if  R^  .<  R^,  liowc-vc-r,  (ns  becomes  true 
nt  sufficiently  high  frequency)  tliis  pnrt  is  not  npprecinhly 
ic-duced.  'J’lic-  third  (rndintive)  pnrt  will  not  he  subs  t nnt  ini  1 y 


When  the  Intern!  shenth  sixe  (nominnl  rndius  - n)  i s sufficiently 
Inrge  nnd  tlie  depth  i <;  not  too  smnll,  i.e.,  roug.hly  when 

2 2 -7.  ^ 

7t/n  « - ((''  7r  ■ i 1-  ) , 

for  shentlu'd  elements  the  contrihution  eorrespondi  ng  to  this  hig,h- 
v;nvenumber  comiiom-nt  mny  he-  composed  njiproximnt  c-1  y ns  the  sum  of 
n compoTienl  nrising  from  shenlh  modc-.s  with  R ‘TIcI  nc-nrly  ecpinl 

to  the  eiKire  h i gh -v.’nveniimher  coni  r i hut  i cm  for  nn  infinite-  shenth 
(n  - e)  , nnd  n componc-nt  nrising,  f j'om  rc-lnlively  unn  1 1 emin  I eel 

7 7 ^7  \ 1 7 

shenth  modes  [k  <(cn  /c  I 1,  ) ' ];  ihc-sc-  mny  he  clc-.s  i p.nnt  c-d  the- 

1 1 A.-. 

i nf  i iii  tc--shc-nl  h nnd  the-  lov.’-mocle  comiKinc-nt  s , respc  c-l  i vc-1  y . 

wh(-ii  nvernged  ovc-r  v.'nvc- -\'ec  t or  direction  in  llu-  hcnindnry, 
const  nnt  ])c-r  unit  nrc-n  in  two-dimensionnl  wnvc-- vc-c  I or  spnee. 
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r--' ’i.ced  f(.)‘  .'"iy  i,,  ^‘Xc“yt  llwil  il’  tlic  iiu-itcrinl  is  nc;  iq 

ini c'li  ncviustic-  i :,ii)c'vi.n,  ■(  ’im  ; c*>  ;jtl)  i(  .ycci  to  lie 

w.'itcr  out.'-.iile,  both  r siyji;i]  and  this  part  of  tlio  noi.'e  v^;il] 

be  rediic'i'd  similarly  (siicli  mi:;mat.ch  is  (Ims  not  desired). 

The  ri-duction  faetors^S^  say,  rein'escnil  i np,  the*  effect  of  Die 

layer  on  these  (1)  h i p,h -waveiiumlu'r , (2)  1 ow-wavenunibc'r  , and 

(3)  acoustic  radial  ivi'  components  of  the  average-pressure 

spt'c t rum,  cacli  normal  ixi-il  t'o  unity  for  L = 0,  are  thus  expected 

to  depend  on  thickness  h at  fixi-d  fn-quency  somev.diat  as  shown 

in  Figuri'  A2-1  . It  is  assumed  in  Figure  A2-1  that  R < A/ir. 

The-  as^miptolic  level  apprc)aclH-d  by  S2  decriuiscs  with  decreasing 

R /A,  and,  in  fact,  if  the  1 ov;-wavt number  spectrum  is  constant, 
o p 

wc  have  approximately  >■  (' R^/A)  at  large  L depends 

mainly  on  the  superficial  ixti-nt  of  llie  slu-ath  (e.g.,  on  £)  but 
also  somewhat  on  a-  and  1, . 


8 


/<r>cr  S^-  (re.c^ ucTion  *'^.''cf'or) 


\/0 
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Fi[;urc  A2- ] . SchcnaaLic  dependence:  of  noisc- 
rcduct.ion  facUox'S  on  Inyei'  Lhiekness  for 
(1)  hxj’Ii-v/avcnnmhcr  (2)  ] ow-wavtnuml)cr 
CO  acouKl.ie  cc>niponcnL.s . 
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AIM’I;NI)JX  3 

NORMAT.l/.K!)  CROSS-Sl'llC/lKAl.  i)KNST'lY  01'  NOISK  FOR  ACOUS’l'IC 
AND  TllRlUrj.FNT  ROUXUAR Y-l.AVKi^  I'RKSSirRK  rjKjJ).S  AX’D 
FOR  lINCORRFI.ATKi)  SI!IM-;rI'0S1;|)  FJF1,!)S 

A . 3 . 1 In  t rcicliic  t i on  , 

Tlu>  iiK'asurc'cl  noise  cross-spcct  ra  betwocn  flush  oloincnts 
ordinarily  involve  a f re(|iu'ncy-depend('n t iiiixtui'c-  of  j)rc'Ssure  fields 
with  charaet eri St i c and  differing  properties,  namely  a lurhulenl 
houndary- 1 ayer  (TBh)  field,  an  acoustic  field,  and  [>erhaps  a 
hending-wave  field.  Here  wc-  shall  note  the  c ross- spec  t ra  expected 
for  each  of  these*  i nd  i vi  dual  1 y , and  draw  inferences  about  normal - 
ix.c'd  cross- spect  ra  associatc'd  willi  the  supc-rposed  fields  in  per- 
tinent idealized  c-xamples.  We  then'ehy  pi'ovide  a basis  for  analysis 
and  interjirel  ati  on  of  the  measured  cross-spectra. 

A . 3 . 2 Cross-5ii)ec*t  rum  for  'J'Rh  Noise* 

d(*note*  the*  fre*ciue*ncy  transform  of  the  cross- 
corre*lation  of  the*  ave*rage*  jiressures  on  a pair  of  flush  ele.*mc*nts, 
where*  T cent  e*r-t  o-ce*ntei'  separation  ve*cle)r,  with 

Cj  s t re*amv.'i  sc* , and  the*  suhsci'ipt  1 em  fj  is  use*d  te>  distinguish 
the*  'I'hh  as  the*  j)re*ssure*  field  ing  ceins  i elere*d  . L i ke*v;i  se* , let 
C I ^ ^ (ai)  , j (vi)  el(‘iu)te*  the  re*.spe*c  t i ve*  ave*  reige*-pre*ssu  I'e*  S|)e*ctra 
due  to  the  TRl.  e>n  tlu*  e*le*me*nts  i ndi  v Lekial  1 y . 'J’iie*  normal  i zeel 
cor ss - spe*c t ral  den;;ily  is  then  p,iven  by 

(A3-  1)  j (-,m)  ? (7,m)  /I  { ^ 0 I ’ • 

For  smell  1 ele*me*nls,  i . e* . , for  jR  /H  <.<1  whe*re  U is  the* 
asynijitolic  flow  ve  locity  eind  the*  radlu::  of  e'itlu’r  e*le*me*nt  , 

1 eiheneit  oiy  me*asu  reme*nt  s on  the  'IT.h  of  a flat  iilale  liave*  yielde'd, 
in  a hi'oael  re*gime*,  the*  similae'ity  form 


(A3-?,) 


•;  J (r,m)  e*xi>(  i*xC  I’(’XC /vi^,)  , 
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vlu'  ‘ i T [)i'  itivi-  f'li'rC’t  ' cT  I'lc  ' ml  i c.'i  K-.1  {' ‘ hk  ii  s i nn  1 , s 

i'll  j.’,uiiuu  t [ wj  t n r(u_)  ]]  <•111(1  llu’  (■  r I Cl.  I i vc  convection  ’.'oJ.ocity 

n doc I'l’.'i ‘-os  f i'(iiii  0.8(i^  <it  low  frequency  to  '•().. '»8U^  nt  rolnlivoly 
h i }’,h  frociuoncy  (o.f.  , i.(o  Kef.  1).  'iiio  iiien.suromc'nl  s have;  cIoLorm  i nod 
K fcir  ' ( j ,0)  , r and  foi*  fionie  i n Loniiod  i a Le  values  of 

j . Similar  roiailli.  liava'  hooii  cihLained  in  sea  tc'sts  on  the-  Tl’l- 
of  a .‘hip's  hull  (o.p,.,  Ref.  2 and  I’urvi.s  1 phase  of  the  tests 
report  C‘d  hero).  As  a simple  .ai'proxi  mat  i on  tluit  rouglily  matclies 
thcT.e  results,  for  indicative  purjioses  v.’O  may  take 

(A'i-3)  }’(  '/u^,)  ^ exp(-aj  i>:  j/u^,)exi>(-oyi:^/u^.)  , 

provided  ' | ’i  > 3 > ''-’jl'' 

c.^  O.ui'.,  0.714. 

In  App.  4 a rou^li  e.stiinatc  is  made  c'f  tlu'  change  in 
• J ) from  tliat  given  for  small  areas  by  (A3-2)  wlien  the  ele- 
ment;. (c'issumed  ec|ual  <'ind  circular)  .'ire  not  small  ( t ^L)  . It 

is  indicated  that  the  phase  factor  in  ^ is  relatively  insensitive' 
to  this  (ffect  ainl  that  the  magnitude  | •;  j | may  he  incrc-asc'd  in 
soire  regime  by  a facloi'  ?.  l>ut  docs  not  likc'ly  differ  in  ordc'r  of 
magnitude  or  g,ineral  belli  vior. 

A . 3 . .3  Cross-  gj  > c ■ egt j'  a _fe  n • _A  cous  t i_c_  Noise  ■ 

We  consider  no\.’  juire  .accuistic  noisc'  having,  thc'  \\'ave 
nui'her  ;/c-  .and  .‘.pat  ial  coherence  of  .a  radi  <ated  field,  and  incident 
on  the  ]>air  of  correlated  elements  with  some  angular  distribution 
hut  no  correlat  icm  of  the  noise*  from  eliflc>rent  el  i re>c  t i on.s  . l,et 
h'(  J >')  denote  the  sjiectral  density  of  nc't  noise*  ]ire*ssure  jier 
unit  solid  angle  due*  to  wave's  incident  from  aximuth  qj  re*lative  to 

"for  .'irhilrnry  I'ea.'ionahl  y iiresumc* 

(A3-4)  expi^- (ci^ji/u^,)  1 Cq  | j /^g)  ^‘C  i I ^ ^ 

(s(*e-  .'ll  So  Ai))) . 4)  . 
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ll''’  C I '^b‘ri'Cli''n  O”''  jx'"' 'ir  t'lnj'l  c 0 rvlrit  i vc  Lc>  • he  xm'huiI  if)  t iic 
.ilniv’  .-f  cli'V.'.C'ii  L . We  coni  I.in  miisicle  .'i'  b>ii  lo  "i  '.'.•^iiiie  v li.  re 
tlu'  clc-nienls  are  sum]]  coiiip.'irecl  lo  tlie  soinul  wave  ]en>;'.li 
(jR^yc.l),  where  c is  Llie  spec'd  of  sound  in  water).  llsinj;  a 
subscript  2 lo  denote  llu-  acoustic  field  l)eing  considered  and 
foriiiing  tlie  norma]  ixed  cross-spectrum 
obt  ain 

« 

C\3-5)  t2(T,m)  [d'^N(0,-.  , 0 ]"^'c'nN( 

X exp[  i (.1 /c)  si  n (fjCos-^)  -i  '^siir;)], 

wlu're  d;"^  dyd  sin"'. 

For  orientation,  we  may  examine  special  cases.  First, 
if  the  noise  derives  from  a unique  direction  have 

s i mp 1 y 

i^c-C 

(A3-6)  -2(^01')  • c'xp[i(w/c)sinvy:  jcos;^^^  -I  e 

where  is  the  incident  wave  vector  j/c).  ]n  this 

instance  we  have  T 3!  ' l>and  tlu'  phase  of  ^2  advances  by  2r 
only  as  mC/c  changes  by  an  amount  •2i  depending  on  the  angle* 
])etwec'n  and  '.  A second  special  case  is  tiiat  of  hemisplier  i ca  1 
isotropy;  from  (A3- 3)  we  tlien  ol)tain 

(A3-7)  : A) /(  r/c) 

2 2 2 

('  ^ 1 ' 3^  ■ ^ furttier  c.'ise  is  that  of  aximutha]  i ndc']ic*nd('nee 

willi  the  v.’ave  vectors  constrained  to  j)aj-allel  the  plane*  of  ( 

( I v.’o-rl  i mens  i ona  1 isotropy,  h n/2);  we*  c)])tain 

(A3-8)  >2.(^,w)  d^ym'/e). 

In  tlie*  case*s  of  (A3-7)  .and  (A3-8)  , unlike*-  (A3-6)  , |>2l  ^ oscil- 
latory .and  .small  (XI)  for  wC  lileewise*,  tlie*  jihase*  of  '^'2 

i .s  5;e*ct  ion.ally  constant  , lumping,  from  xero  to  n and  hack  <ag,.ain 
as  i;  2 t*h.ingc*s  sign  with  ine:re*asing  ui-'/c. 


1 1 
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A 3.  A rros'.-SjiC'  l rji  foj_  I'a  i_h  1 i i V.'civ'cs 

Alt'Ug  v.’ith  tlic  c'lcou;',  t i f iJelcl  from  sourc 

Will  ri’niovcil  from  tlu'  cli'iiicnls  in  qu(.slir)n,  the  toLa]  aconslic 
prn;;.suii‘  v;j  11  be-  affrclcd  by  llic  field  tine*  Lu  such  sourc-es  but 
iiU'cliaUd  by  the-  hull  or  other  liouml  i ng  sur  face  wj  tli  bond  I ng- wave- 
rosiKiiiso,  cind  likewise-  due  (.o  more  local  excitation  of  bending- 
wivec.  by  tlu  Tbl,  pressure  fic-ld.  At  a given  fi'ecjuency,  many 
wave  iiunihei'S  (oi  V'.-ave  speeds)  will  contribute  to  this  bendirq-- 
wave  field.  'i'he  pi'inci]Kil  dependence  on  wave  number  will  l-e 
inver.sely  as  the  inii)cdancc'  of  the  v;at(>r-loaded  plate.  The  dis- 
tribution of  wave  mimbt-rs  and  vaive  directions  v;i  1 1 not  be:  continuous 
but  ratlu-r  si>acc>d  in  accoi'd  v.’ith  the  modes  of  the  fiiiite  local 
median  i cal  struct  ure. 

Tlie  pi'evious  discussion  of  the  cross-spectrum  for  an 
incident  radiation  field  may  be  regarded  as  rouglily  ajiplicable 
alsc>  to  tlir-  present  fic-ld  v.’hc-re,  however,  there  is  a distrihut  ion 
of  wave  si)oei1s  c with  a peak  near  tlie  siieed  of  free  bending  v/aves 
in  the  Icuided  ]>late  (and  sin  1)  . These  waves  may  produce 
jumps  in  the  phase  similar  to  those  associated  wi  tli  (A3-8)  , but 
more  closely  sp-aced  in  freciuency,  since  the  pcrtinc-nt  c will 
ordinarily  be  ii.ucli  smaller  tlian  the  spec-d  of  sound  in  v.’ater. 

'I'he  map'iiitude  of  this  pres.sure  field  and  lienee  its  influence-  on 
the  actu.al  mea.sured  normalised  cross-spectra  Vv'ill  dc-pend  on  the 
imjiedance  of  the  local  jilatc-  or  window  surrounding  the  elc-menls. 

A . 3 . 3 C)rc)ss-Spc‘ct  ra f eu'  Sli  iel  ded  Klcmc-nts 

We  con.sider  briefly  the  implication  for  the-  cross-spc-ct  ra  of 
component  fic-lds  discu:;;:ed  abcive  where  the  elemc-nt;i  are  not  flush 
but  sh  iel  tied  from  the  f lov.'  boundary  by  a layer  or  dome. 

'J'lie  'i'lM,  cro.'is-.spect  rum,  givc-n  for  a flush  c-lc-ment  by 
(A3-?),  i ;;  drastically  altered;  foi'  a l.a^-er  of  lai'ge  lateral  ex- 
tent the  hi  I'Ji-wavenumber  jiart  of  t lie  |irc-;;.sure  on  eacli  e I emen  t , wli  i ch 
large  ly  determines  (he  fciriii  of  (lie  cross-sped  rum  fem  flinli- 
mountec!  elements,  is  gp'eally  ,'ittenuated  for  deiiths  l.>Ml^,/a',  as 


y.inO'yl-^i/OK) 


cl  i sc>(l  Jp  A’lP  . y.  Sf'.iH'  c'(  m t ■ 11)11 1 i on  j |•(ml  Tl’l.  pr  ’ssui'c  nt 
1 ov\’  v.’P.vc'  iiuiui>prs  iiipy  ri'iii.'iin,  iiiodjfic.!  ny  llu'  J iniu'clan^'i ■ o'”  liic 
clonic  cover,  il  any.  Ar.raiiui  ii^’,  a v;hi  t c vaivciiuiubc  r spec  i runt , which 
may  he  rciurjily  valid  in  the  iiertinent  range  if  the  cover  imped- 
ance is  .small,  we  can  readily  find  thc'  nonnalized  crc)ss-spect  rum 
for  .such  a pre-ssure  fic-ld  on  shielded  elements  in  a rigid  haffJo 
at  depth  1,  in  a fluid  of  .sound  spc-ecl  c in  the  particular  regime 
al,/c»l  , (il  /c)  we  ol'tain 

(A'i-9)  2j^(j.r/c) /(jiC/c)  . 

The  fluid  dome  has  been  treatctcl  as  latc-rnlly  infinite  in  deriv- 
ing this  result  which  is  strictly  justified  only  if  the  lateral 

“1/2 

dimensions,  say  a,  satisfy  (jiL/c)  (aia/c)  ' cwl . T’iie  result  in 
the  more  interc'Sting  reg, ime  whenre  a)b/e<l  and  Q — L is  less  readily 
evaluated  and  depends  sensitively  on  the  assumed  v;avenumbcn* 
spec t rum . 

Tlie  results  for  cross-spectra  of  acoustic  fields  given 
above  apply  equally  to  f 1 u i d -shiel  clecl  c'lements,  but  the  actual 
effective  angular  d is  t ri  Ini  t i on  no  doidit  is  conditioned  grcvitly 
by  the  local  structure  and  g;c-ometry. 

A . .3  . b Char  act  cyi'  i s t ji^cy  Normal  izc'd  Jhajs  s ySpC'C  t_rn  f ojy  M i xed 

Pressure  Fic'l  ds 

We  consider  nov/  t lie  behavior  of  the  magnitude  and  phase 
of  1 hc‘  normalized  cross-spec  ti'um  vdiere  tlie  presssure-  on  c'ither 
element  is  due*  to  a superi>osi  t i on  of  fiedebs  of  tlu'  idc'alized 
types  discussed  above.  \!i'  assume  tliat  the  component  fields  con- 
sidered arc-  uncorrelated  v;i  t h one  anotlu-r.  Tills  is  likely  to  b«.- 
a good,  though  imperfect,  approximation  in  the-  ai)plication  in 
question.  Accordingly,  the  (unnormal  i zed)  cro;'.s-spect  rum  of 
area-avoragp-d  noise  iiressurc-  on  a jiair  of  c-lemcnts,  V (T,m)  > 
may  be  wr  i t t c-n  as  a sum  of  the-  cross-spectra,  'j^(T,m)  , due-  to 
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* '.i  c'O'.ni’  ii.'.nl  j'/c‘S'uir  Tjclc'':  i; 

(AViO)  ;(c,mO  >;^T.(T,'0- 

'J'hc  aul  o.spoft  I'uni  of  avcrn>.;c  j)i-ar.surc'  for  the  v-Lh  element  of  the 
pair,  . t.ii))  , may  likevji.se  be  v/i-illen  as  a sum  of  llie  component, 
aut  ospec  t I'a  ; ' 

(A3-11)  . (m)  (v.  1,2). 

W?  dc-not  e the  magnitude  and  phase  of  the  noniial  i zed  cross- spec  I rum 
due-  to  the  total  field  by  rp(C  ,m)  , respectively,  choosing 

-:i  < :p  ^ ; wi.'  denote  the  magnitudess  and  phases  for  the  normalized 

cross-f.pect  ra  due  to  the  individual  component  fields  similar'ity 
l>y  0 (“■’  ^ p ^ '0-  Hence  wc>  have 

; P C , i-'j)  \ i (T , m)  e>-.p  [ i,cp^  ( f , ca)  ] 

(A'3-12)  . )|(C,m)/[  ; 

.'ind  by  (10)  and  (11) 


(f,^')  y(T  )c>xi)[iy  (r  ,m)  1 

= <'  (C  ,«.')/!  , (m)  . (ai) 


(A  3- 13) 


‘ho  fh») 

J-jTj  <''>o  I ■■  ,0^  (»•)'  p'  (“0  > . i (7,»o ) 


111  I til-  spci'iiil  ense  of  cquii]  nut  nS]iC’C't  r;i , hitt) 

(13)  bi'comes 


-1 


V ((,■'  1 f^V’  i 1 ''o^'i  ih-p(Cd'0  ] . 


lA 


(A3-1A) 
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This  To  nil  holds  also  if  li,^  (.) 
indopi'iidoiit  of  i. 


j ( ■*’)  > ^ 


Wt'  note  tlu'  idoalizcd  oxaaiplc‘  orporfocL  corrolnticm 
in  tlic  sonso  tliat  TjC',')  0-  I’l  in.sLanco, 

(13)  roducos  to 


(A3-13)  .C:,a) 


(2) 


)]'/^/[> 


(1) 


a a 


(■jO 


1/2 


[> 


J .1 


Hy  Schwaa-lx's  a noquality,  this  yields  ''  1.  If 

.0)  (ti)  , then  thc>  equality  holds,  but  if  instead  the 
mixture  of  noise-  spectra  differs  for  tlie  t.wo  elc-ments,  tlacn  the  maj;;- 
natudf'  Yj|^(T,a>)  is  less  than  unity  even  Lliou^^h  y^(C,hO  - 1 i^r 
each  i . 


Let  us  imagine  a superposition  of  an  azimuLlially  iso- 
tropic acoustic  field,  v.'i  tla  normalised  cross-spectrum  V2(-- )•'•')  of 
(A3-8)  and  a unidirectional  acoustic  fit-id,  with  cross-spectrum 
'*  3(T>‘"))  ^oy,  givc-n  by  (A3-h),  Lq,  (A3-lh)  , tlien  yields 


(A3-if>)  ; (c ,«0  (■  2 •'  ■<) 


-1 


2.1^,(m:/e)  I 'i  -^e 


im  C / <-■ 


wlu-rc-  i I denotc-.s  tlie  autosju-ctra  (n(m)  and  is  tlic-  ))rojc-ction 
of  T along  tilt-  wave-  vf-ctor  of  the  fit-id  i 3.  'flu-  magn  i t utlt- 

',(;,!!))  t)f  has  a ftmii  i nt  t-ianedi  a t e betwt-t-n''2  '-1^/"'-’  /o)|  oiul 

>3  1;  wliere  d^^(in'/e)  0,  in  particular,  we  liave  y ^ 2 ' ’’'3^' 

In  c'l  rang,e  of  tuC/t-  sucdi  tlnit  d^^CmC/e)  0,  i T i 2^ ' 3 1^'^ 

c'qiproin- i at  e value,  tin-  pliase  Cj-  of  ( may  as.sumt-  any  value;  so  long 
as  mC/e  < 2. A st)  that  d^^(ji'/c)  > 0,  howevt-r,  cp  rt.-mains  a small 
anp.l  e . 

T.c-t  us  nov;  consith-r  a superposition  of  ;i  'J'bi,  pressure 
field  (i  1)  and  an  at-tuistic  fit-lil  (i  2),  whe-rt-  wc-  no  longt-r 
spt-e.ify  c'l  parlit-ular  ideal  ixt-tl  form  for  tlu-  latlt-r.  We  rt-gard 
tlu-  jiossiblo  fr(-(ju(-ncy  flc])f-ndt-net-  of  y ‘"itl  T at  fixt-tl  "X . Suppnst- 
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I tu'  tl'-.i.Mil.v  me  svi  r 1 i (.■  I v'H  L ly  s"  a1  ' ^<ruv;(U'  I he  f rcji,!  iic> 

is  not  loo  liij','',  "'ll  iia.st,  the  T)>1,  cr;n  t r i 1)U  L i on  doin  i iia ' os  t ho 
aut  ospoo  I ra , l.o.,  1^(0  llif'  iow- f j'oqiioncy  range 

v.iu'ro  ^ j"'*  ^ '''i'-'  g'-'C “s  1,  according  lo  (A3-3)  for  y^(  F) 

v;o  v.'ill  then  have  a];:o  7 j C , m)  . j ( ; ) » V 2 ' 2 ^ ‘ ^ (A3-1A)  t lu’ 

niagnitiuic  and  pitasc  \ ,q-  \n  1 1 iIko'c  Ijo  given  ai)j)rox  i ina  t tdy  Ijy  liie 
corref.p(>nding  Tl’>],  funclions  '-j/Pj  of  (A3-3)  and  (A3-2)  . ]n  vi  cv; 
of  tlie  raj)id  dcco'ciase  of  llie  TliT,  cruss-spoct  ral  magnitude  YjC  F) 
implic'd  hy  (A3- 3)  rc;]ative  lo  tiio  decrease  of  tlie  acouf;lic  magni- 
tude •,  2 oxemp]  i f i csl  by  (A3-  6)  and  (A3-8)  ,V7C  sec  liowever,  llial  in 
some  frt'ciuency  range  w.'u.Te  mf /u^,  » ] 1hi(  wC /c  < 1 we  vnll  luivc 
^ ] C',' ) ’ 2 ( ' ) « i 2^^ regime  Fq  . (A3-16)  yields 
rat  her 

(A3- 17)  iCT,'")  Y2(^>'^)  (^^2*^  ^ • 

Sc;  long  as  ’l2^(iu)  o'>  t I'orc’f  c>re , thc‘  magnitude  v of  the 

norii.alixc'd  cross-spectrum  v.'i  1 1 bc‘  small,  but  tlie  2iliase  cp  will  be 
t'ljjprox  imately  tlie  })liasc‘  cp2  of  tlu‘  acoustic  field,  whicli  varies 
slowly  and  remains  small  foi'  a,'C/o  <1.  It  may  hai)pen  that  the 
acour.tic  contribution  to  the  aulospectra  decreases  less  rapidly 
than  llie  Till,  contribution  and,  at  some  higher  frc'C|uency,  bec'omes 
ccm;pai'ahlc  v/itli  and  tlicn  lai'gor  than  tliC’  latter  ['l2(''")  ^ 't' ] (ii')  1 • 

In  such  a range,  accotding  to  (A3-17)  tl)c>  magnitude  y '\’i  1 1 ag,a  in 
increase  <and  aiqu'oacli  the  acoustic,  value  y^  while  the'  pliase  will 
continue  to  be  nc-arly  c‘C|ual  to  cp^  • 
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]3r,()j]-‘V/0K) 


cuoxs-si'/’CT,,;;.  1) Oi'  TnR.',iiu:i;T  round/ i ' 

PKNSSURi';  FOR  NON -VAN  J Sll  ] NC  AIU’,/.S 


Wo  iiidio.iLo  licve  to  v.'Iiot  dojw;oo  llio  vionii.'i  ] i zc-d  iiilor- 
oJoiiK'iit  cro5!.s -sj)cot  I'o  ] density  of  aron -avc?r<'i<'od  TJ’)D  pressure;  dcj'onds 
on  elenieiiL  eirea.  We  Lake  tlie  cloiuents  to  be  eircuiar  and  of  equal 
radii  R^^  aiul  denote  the  no'riua  1 i zed  cri^ss-specLra]  density  of  area- 
averap,ed  i>ressure  by  (/  /'O  (indent  i flab]  e with  ('  /'>)  of 

Apj).  3).  In  general,  this  normalized  cross -sjjec  t rum  is  related 
to  the  (unno)-ma  1 i zcul)  cro5;s-S))eetrum  for  j)oinL  prc;ssurc‘,  (s  , , 

(AA.l)  (f'/n)  /d^K^/d2R2?,,(Ky-Rp(0)  / /d^Rj^/d^R^'^'^  (R^-Rj  ,(o)  , 

- 2 - 2 - 

vdiC'L'e  'd'R,  and  '"d  R,'  run  ovc;r  the  area  of  a sinp,le  elcaiient  a 

y-  i ■ 1 

and  jd"rt2  oven*  tliat  of  the  otiicr.  V’e  denote  tlie  auLospectrum  of 
averap.c;  i)rc>ssure  on  eitiier  elcinent  by  (fo)  ( i dc-n  t if  iali]  e with 

(d>)  of  A]-]).  3),  vdience  0 iP  spectreim  of  jKiint  pressuire. 

In  terms  of  tlie  vjavemmd)er-fri'quency  sj)ectruni  of  'J'b]^  leres.sure, 

R(R,en),  v;e  liave 


(A^..2j 


■</-  K 


i K-  t 


l’(K,a)  [K  (k 


('J'I)US  V.’e  may  write'  ('‘0  ' Jnse-rtin^^  this  in  (AA.  1)  and 

|)e'r  form  iu[;  tlic;  are.'i  inte'greils  v;e  obleiin 


(A'l.  3j 


/d^K  e^'^‘^^[2dj  (KR^^)/KR^,]-^>(K,n) 
/d^K[2j^(KR^)/KRj^l-(K,en) 


In  the  cij)])ru>;  imat  ion  e)f  ]>e)int  ele'inents  U^«] ) , we  re'])]ace 

the  .'n-e.i -av(  r.ip,  !n;^  feieteer  [2jj  (KR^^) /KR^J^  by  unity  in  both 
immen'.'i tor  c'lnd  eleneuiiin.il  or  [re'caVl  A])p.  3,  iF| . (A3-2)  ] . 

Sui)j)ose  first  (hat  l’(K,ei)  e-onteiins  a jum-eein  ve-e- 1 i ve , 
] ov;-wa  v<'num1)e'r  e-oni  r i Iml  i e>n  , say  ]’  , tlial  , witli  re're'rence  tei 

'Jliis  .aiepeiidix  i .s  eni  e>el  i I e’d  ve’i'.sion  of  App.  A of  Re'l  . 8. 
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nc>n- V 'll  i i •!(;  K , n.iy  1 o f'clcci  m.  5 iitlcpfiuf  nt  of  v)^i\'<nuci1''r 

K.  fiicli  i T ■.  ..'1  ; > yTcjc'  <>  v.'iii py.  runi  r vi.  it  i c.. 

1 1)  the  mimeL.'i  t f)i.  ip  (AA.3),  )(Tlcc  i I'y-  the  fact  I lu'iL  c*  J lat  v,’-'.ve- 
numl'cr  spectrum  curruspuiul.-'  to  zero  ci)rrelatjon  distance  and 
hence  no  cross-correl  at.  itni  hi.'tv;een  element.s.  Ue  thorefore  cixpecL 
that  tlie  major  c:ontr  i l)ut  i on  to  LliC'  numei'.i  Lor , if  not  to  tlie 
denomin.itoi'  i’i  (A-i.3)  arises  from  the  rep, ion  of  tlie 

convect  ive  peak  (wliere  Icj'  a /u^,)  in  J’(Kp.).  Accurdinply,  v;e 
assume  a form  for  l’(KjCr)  that  is  thoupjit  to  rej-n'esent  correctly 
tlie  character  of  tliis  ]>eal;,  tlioupji  it  c:aniU)t  he  expected  to  have 
validity  in  the  "tail"  vdierc'  ■*''  we  prohahly 

overestimate,  if  anytliinp,,  tiie  normalized  c j'oss- sjiec trum  VR^(^,ei;), 
a course  preferable  to  underestimating  it.  V.'e'  may  expect  also 
tliat  the  error  from  our  crmle  representation  of  P(R,a)  in  tlie 
rep,ion  of  its  pealc  v.u' 1 1 in  part  he  cancelled  on  account  of  its 
appearance  in  botli  numerator  and  denominator  of  (A4.  3)  . 


For  reasons  v?e  sliall  not  jmrsue  , v;e  as.sume  tliat  1'(K,(j.) 
may  l e taleen  for  present  pui'jioses'  as 


(A4.4)  ]’(K,o) 


> 


2 2 2 

(K  - v.iliere  u^^  is  certain  averapy  convection  velocity 

(not  to  he  identified  precisely  with  u^  in  Iki.  (A3-2)  of  App.  3; 
v^_  is  an  effective  rms  local  convection  velocity  assc.ciated  v.’itli 
turhulence  I'ind  shear,  of  tlie  order  of  3v.^., , oir  iieirhajis  somewhat 
l.arp.er,  v;i  1 h v...  the  usual  frictimi  velocity;  V>^  is  a suitalily 
di  mciisi  onal  factor'  rep,arded  as  constant;  the  constant  v may  he 
related  to  the  hipji  frequency  dc])endence  of  the  convective  con- 
trih’ution  to  the  ))oint  spectrum  p.iven  hy  (A''i.4)  accordinp,  to 

(see  Fq.  (A4.  h)  helov;),  and  we  )iresume  v — 5/3;  a" 
rej)j'C'Seiits  <'i  iiie.'iii  Sji/itial  scale  of  the  pressure  f 1 uc  t ua  t i c>ns  , 
pei:haj)S  a ^ — b,j,  at  moderate  frccjiionci  es. 


Kefein-inp  first  to  jioint  areas  X'  ^)j  from  (A4.4) 


'Jill  exjilicit  loriii  (A4.''i)  has  its  orip/in  in  a treatment  of 
hoi. ii(. us  lurliiilence  (Kesf.  5),  hut  in  p.eiiora)  character'  is 
thoup.ht  (orri'ct  foi:  the  present  |)urpose. 
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anf’  ('A6.2')  VIC  find 

X c.xp(W^Agc5..2.2^(v-]/2)/2 


(A6.3) 


vdici'c 


2,  2,  2,2.  1/2, 

^-]/2  ^ '-  ]^ 


^'e  " "'o^e’  "‘c  = %/%’  = ^c/^e’ 


mul  dcnoLc'S  a modified  Bessel  function  of  the  exponent!* nil y 
decreasing,  sort.  iJkew’ise,  v?e  olitain 

(A6.6)  0^(  ) ^ T^,(0,oO  - tt(v-]/2)"^;^u"^ 


Division  of  (A6o3)  I'y  (AA.6)  yields  tlu-  normalised  cross- spec  t rum 

' (6,n.')  for  iKiint  areas  iinj^lied  I'y  (AA.6).  V.’e  write-  io(’  >f') 

■ 2 2 2.1  /2  9 2 2 1 /2 

ex-iilicitly  in  the  apj>roximal  ion  valid  for  (ci  /u^,ia')  ' (6  ^ O.  Cp 

wlien  j ^2  ^ i-'cpi ‘iced  By  its  asymptotic  form: 


(A6.7) 


C , ai)^-.TT  ’ /2  (V  - 1 /2)  2 ^ I (V  I 1 /2)  " ^ exp  ( io  ' ^ /vt^,) 


r,  2,  2 2,, ,2  2.2,1  (v-l)/2  [ , 2,  2,  2, 1 /2  , ,2  , , 2 ,2,  1 /2l 

X [((b  /u^.-ia  )(  ^u.  ,pj  ^ exp[-(cu  /n^,la  ) p J- 


For  ^3  = 6 or  0,  v.ie  note,  v.’itli  a]!]->ro]!r  i at  e \' , this  form  is 

closely  similar  to  form  (A3-2)  and  (A3 -3)  or  A3-6)  in  Apin  3. 

VJe  now  net  to  the  p'oint  of  treating,  non- vani  sh  i 

in  certain  tractahle  rep,iiiu-s.  In  conce  i vinp,_  sueli  regimes  v.-e  are 

c'oenisant  that,  since  i'>2K  , the  facLoi'  has  a slioj't  i-r 

period  of  oscillation  in  K tliaii  deit-s  tin-  /irea- averap.i ng  factor 

except  alonp,  a direction  of  K nearly  noj'mal  to  F’.  First,  v.’C 

as.sume  a R /u  <■  1 .and  consider  e:oj-j'ecl  ions  in  ! i>  (I  ,(<)  to  lowest 

o c.  ■ ‘S.)  ^ / 

order  in  R . We  therc-fore  use  tlie  first  two  terms  of  the  e:<pansion 
o 

"here  and  suhsequent  1 y wc-  have  jicrformed  ciuadratures  By  .aid  of 
the  Bateman  project's  'lABles_of  1 nt  (’p,ra  1 _‘Jh^an.>^f('niu^ 
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2jj (Kk 


/Kll  1 

oj 


]-(l  /4)  CKi; 


, 9 


and  .-is-sumc'  v>  3/2  in  (,A4.4),  Jn  v.'hlcli  case  the  conLri  hu t. i on  of 
liie  second  term  to  the  nnmer.itor  and  denominator  of  (A4.3)  con- 
vert’,c's  and  yields  tlie  ccn*rect  ion  asymiitot  ica  1 1 y in  tlie  subject 
limit.  The  numerator  may  ho  vn'i.tten  as 

j 

[i  I (]/A)R2(a^7af;^^^'/oC3)] 


v.’i  t ti  given  by  (A4.5).  We  assume  u ^ ^ reasonable 

apjn-oxi  mati  on)  but  _■>  ] (vdiicli  implies  C]  >>  7,)* 

restrict  consi derat  ion  to  - 0 for  simplicity,  as  tiie  case  of 
greatest  concern.  'io  the  ordcn:  cons.i  derc'd , v;e  find 


(^1 

o 


(A4.8) 


2^o„^/,,2.,.2^?/2  _v,l 


-(1/4)  (17/1  •:p'^[(«//u7a7 


7,0,7 


Similarly,  for  the  denominator  of  (A'i,3)  v;e  find 


(A4.9)  Q,^  (aO-  |l-(l/4)  (v-3/2)"AA  [(v  - 1 )o.'^ /u7  ( 1 /2)  a Q^^o)  . 

Tlie  ratio  yielfls,  to  the  order  considered. 


('k  (■. , ,0, <■■)-{'  i (1/R)  (v-3/?.)-’ 

(A4.10)  " 

-(1/4)  (i7/;-7)^-[(a/7viJia^)  ^ /^'uq-v  1 1]|-;  ^7/^  ,o,s>) . 

'J'his  result  indicates,  that  tlie  correlation  is  c'lihaneed  ^ 1) 

as  K inci'i’asc'S  williin  tlu'  dcaiia  i n of  .'ippl.i  cabi.  1 i I y . 11 

o 

indicates  als.o  fiiat  tin-  phase  of  i . e„  , the  c'ffective  convec- 

tion vcdoc-ity,  remains,  unaffected  in  this  appro>:i  ma  t i on . 'Jhe 
rangy  of  to  v.’hich  (A4.10)  a))])lies,  hov’cver,  is  ex]>licilly 

limited  to  that  v;hore  tlie  enhancenient  being,  invest  i g.al  cd  is  small. 
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V'.-  c.'in  su''’C'' f.fifu  1 • -i  !-c‘"o-icI,  "lorc;  in /. CT'’’^' i ii;; 
lii.iit.  7'h  is  '.leiin.'cl  0/  In.'  ccn'lii'iniis 


(A6. 1 1) 


aK  /u  >> 
a o 


i(aR  /u  ) 
' o o' 


« 1 


- 0. 


These  comlilions  nro  cruck'ly  salisried  in  niucli  of  the  domain  of 

interest.  The  secoiid  of  conditions  (A4.1.1)  ensures  that  Jj(KR^) 

in  (A4.3)  varies  little  as*kj  varies  tlirougli  the;  convective  peak, 

so  that  the  k,  integration  may  he  pcnrforniod;  the  first  of(A't,ll) 

■1  ?.  2.  2 \ / 2 
then  I'ernii  ts  use  of  the  asyini'totic  foi'm  for  J|^((k^io  /'■'^.)  ^ ’ 

the  first  and  tlri.rd  permit  a local  average  value  of  1/2  to  he 

7 7 7 7 \ r? 

used  for  the  resulting  factor  cos  ((k^lv  /u^,)  ' H^^-3n/4);  the 
fourth  permits  to  be  rc'placed  by  vdiicli  has  the  same 

asymptotic  form,  vith  reg,ard  to  a factor  Is^  ( (k^Uo^/u^  i a^)  ^ 
from  the  kj  integration  in  the  numerator,  and,  vdien  a is  neglected 
by  the  fifth  condition,  the  k,  integration  can  also  be  carried 
out.  Ultimately  v;>e  obtain  for  tlie  normalized  cross-spectrunr 


R 


,,  . 1/2.1-v  vil/2  r(v-!l/2)  /•  . / N 


[J'(v)b 


(A4. 12) 


,v-l 


X ' t^xpC-o  pC 


Comparing  v.’itli  as  given  by  (A4.7)  vi  th  a - 0,  we  see 

tliat  (A6^12)  differs  only  by  iiaving,  tlie  constant  coefficient 
(v-l/2)/'(vl]/2)  of  (A4.7)  rej.laced  by  [(v  l 1/2) /vd (vM /2) /[f  (v)  f*. 
If  V 5/3,  the  ratio  of  the  laLtc;r  to  tlie  ftirmer  is.  1.61.  ]n 

the  subjec;t  limits,  the  normalized  cros.s- spec ( rum  is  thus 
incre.'is.c-d  relative;  to  the  instance  of  elements  v.dlh  vanifliing 
arc-a  by  1.6  (and  the  ]>l.ase  is  unchang.ed)  . 'Jiu'  exael  value  corn- 
put  c;d  may  not  be  considereil  rc’liable  in  vie\;  of  the  m.iny  aj'pn.)>;i- 
inal  Ifiii.':.  Neveu' ! hel  es‘: , the  ein.tlysi.s  suffice;;  to  indicati  that 
tiie  finite-area  effect  increaf.in;  the  i n(  er -<  I ; uii'H  f c so;  ; - spec  I ra  1 
density  of  aver.ag.e  ))ress.ure  by  only  a ii'odest  f.s  iiO’. 


' 'llie  (Unomi  na  I ('j-  of  (A4  3)  is.  g.ivcu  in  thi-  pi  a . ■•nt  api>rnxii  it  Ion  by 
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